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SECTION  I 
SUMMARY 


1 


I The  Standard  Electronic  Module  Radar  (SEMR)  was  developed 

by  the  Naval  Avionics  Facility,  Indianapolis  (NAFI)  under  funding 
^ provided  by  AFAL.  SEMR  is  a redesigned  AN/APN-59B  weather,  navi- 

: gation,  beacon  radar  system  using  standard  electronic  module  (SEM) 

I technology.  This  system  is  currently  undergoing  flight  tests  to 

[ provide  information  on  the  suitability  of  existing  SEM  technology 

[ for  avionics  applications.  This  SEMR  Cost  Analysis  Program  was 

[ initiated  in  June,  1976,  to  provide  a detailed  investigation  of 

I potential  cost  savings  resulting  from  use  of  standard  modules  and 

I SEM  maintenance  concepts. 

11.1  SCOPE 

Two  SEMR  configurations  have  been  developed  for  use  | 

t either  in  C-130  and  C-135  or  in  C-141  aircraft.  The  C-141,  or  pi- 

lot operable  configuration,  has  one  indicator  and  substitutes  a 
pilot  control  box  for  the  remote  control  box  (R/T)  and  display 
control  box  used  in  the  C-130/135  configuration.  The  C-130/135 
has  two  indicators  and  a remote  control  box  (BITE) , which  is  not 
used  in  the  C-141.  Beyond  this  there  are  slight  differences  in 
! SEM  types  and  quantities  used  in  the  receiver  and  display  elec- 

[ tronics  unit  portions  of  the  systems. 

I Expected  life  cycle  costs  (LCC)  were  developed  for  both 

I SEMR  configurations  independently  and  for  a mixed  force  including 

I both  configurations.  Separate  calculations  were  made  in  each  I 

case  for  operational  periods  of  10,  15,  and  20  years.  In  j 

addition,  LCC  for  each  of  these  nine  cases  (3  a/c  types  x 3 life 

cycles)  was  computed  for  three  different  maintenance  concepts: 

; i 

a.  Throwaway  - all  SEMs  discarded  upon  failure,  and  all  j 

larger  boxes  and  subassemblies  returned  to  depot  for  | 

1 

repair.  j 


1 


b.  Base  Repair  - only  standard  SEMs  discarded  upon 
failure,  and  all  other  failures  repaired  at  the  base. 
No  depot  repair  used, 

c.  Depot  Repair  - same  as  b.  but  all  repairs  made  at 
depot.  No  base  repair  used. 

These  27  baseline  computations  use  the  existing  SEMR  con- 
figurations which  incorporate  built-in  test  equipment  (BITE) 
capability  for  isolation  of  faults  to  4 to  6 modules.  Four 
additional  sets  of  LCC  computations  were  made  to  provide  informa- 
tion on  the  effect  of  varying  the  level  and  confidence  of  BITE. 
These  include  no  BITE,  BITE  to  a group  level  (i.e.,  microwave, 
timing  and  control,  receiver,  etc.),  BITE  to  8 to  10  modules, 
and  BITE  to  an  individual  module. 

Finally,  an  analysis  was  made  to  determine  the  breakeven 
cost  for  throwaway  vs.  repair  of  individual  SEMs.  This  enabled 
identification  of  the  minimum  cost  maintenance  concept  in  which 
only  selected  SEMs  would  be  repaired.  The  analysis  shows  that 
breakeven  unit  cost  for  a given  SEM  type  is  determined  not  only 
by  repair  cost  but  also  by  the  expected  total  number  of  failures 
for  that  SEM  type.  Since  the  latter  depends  on  MTBF,  quantity 
per  system,  and  total  operating  hours,  the  breakeven  cost  varies 
with  SEMR  configuration  and  operating  life.  Six  additional  LCC 
computations  were  made  to  verify  these  results. 

Thus,  the  SEMR  Cost  Analysis  Program  results  described 
herein  encompass  141  separate  LCC  computations.  Each  computation 
is  the  sum  of  development,  acquisition,  and  logistic  support 
costs.  The  development  and  acquisition  costs  are  based  on  Norden 
experience  in  development  and  production  of  comparable  airborne 
radars.  The  logistic  support  cost  estimates  are  derived  from  the 
AFLC  Logistic  Support  Cost  (LSC)  Model. 

In  addition  to  basic  SEMR  design  data,  AFAL  provided  the 
system  use  factors  (number  of  aircraft,  bases,  and  flight  hours 
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per  month  by  aircraft  type)  and  a detailed  reliability  analysis 
prepared  by  RADC.  This  analysis  is  based  on  the  SEMR  prototype 
configuration  and  includes  recommendations  for  reliability  im- 
provement. These  improvements  were  assumed  to  have  been  incor- 
porated in  the  production  versions  of  SEMR  on  which  the  LCC 
estimates  are  based.  Resulting  predicted  MTBFs  for  the  two  con- 
figurations are  204  hours  for  the  C-130/135  and  245  hours  for 
the  C-141. 

1.2  RESULTS 

Figure  1 presents  a breakdown  of  life  cycle  cost  esti- 
mates for  the  three  SEMR  configurations  analyzed.  These  esti- 
mates are  for  the  baseline  system  with  BITE  to  4 to  6 modules. 
Development  costs  are  essentially  the  same  for  all  aircraft  cases 
considered,  but  the  unit  production  cost  and  hence  total  acqui- 
sition cost  is  affected.  This  variation  in  average  unit  pro- 
duction cost  ranges  from  $98K  for  the  mixed  force  buy  to  $116K 
for  the  C-141.  The  C-141  configuration  has  the  highest  unit  cost 
in  each  case,  although  it  actually  comprises  less  hardware.  This 
is  due  to  the  learning  curve  assumption,  since  for  equal  quanti- 
ties the  C-141  unit  cost  would  actually  be  about  15%  less  than 
that  of  the  C-130/135  configuration. 

The  logistic  support  cost  portion  of  Figure  1 shows  that 
base  repair  is  the  most  costly  maintenance  concept  in  every  case. 
This  is  due  primarily  to  the  cost  of  establishing  base  repair 
facilities.  The  difference  between  throwaway  and  depot  repair 
is  generally  less  than  3%  and  is  probably  insignificant  in  rela- 
tion to  the  accuracy  of  the  estimate. 

Figure  2 shows  the  effect  on  life  cycle  cost  of  varying 
the  level  of  BITE  provided.  Note  that  the  no  BITE  configuration 
is  generally  the  least  costly  alternative  with  BITE  to  8 to  10 
modules  next  lowest.  However,  the  difference  between  either  of 
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Figure  2.  Effect  of  BITE  variations  on  SEMR  LCC 


these  and  the  baseline  (BITE  to  4 to  6 modules)  is  less  than  4% 
in  every  case.  This  difference  is  considered  insignificant  in 
relation  to  the  accuracy  of  the  estimate.  Similarly,  except  for 
group  BITE  which  is  generally  higher,  there  does  not  appear  to  be 
a significant  difference  in  logistic  support  costs  for  the  vari- 
ous levels  of  BITE  considered. 

Figure  3 shows  the  difference  in  logistic  support  cost 
estimates  between  the  minimum  cost  cases  and  the  baseline  (BITE 
to  4-6  modules).  In  each  of  the  six  minimum  cost  cases,  only 
selected  SEMs  are  repaired.  All  other  SEMs  are  thrown  away  upon 
failure.  Otherwise  the  maintenance  concept  is  the  same  as  for 
depot  repair.  While  the  results  for  these  cases  do  show  slightly 
lower  costs,  the  savings  are  insignificant  in  relation  to  the 
accuracy  of  the  estimate.  Only  base  repair  can  be  definitely 
eliminated  on  the  basis  of  this  analysis.  No  comparison  is 
shown  for  the  C-141  because  analysis  shows  that  throwaway  is 
clearly  the  least  costly  alternative  in  that  case. 

1.3  CONCLUSIONS  AND  RECOMMENDATIONS 

It  is  not  possible  to  determine  on  the  basis  of  this 
investigation  alone  whether  use  of  SEMs  provides  a savings  in 
avionics  system  life  cycle  cost  because  comparable  data  for  the 
AN/APN-59B  and  SEMR  are  not  available.  However,  much  data  on 
cost  and  failure  rate  experience  with  the  APN-59B  undoubtedly 
exist,  so  comparative  cost  estimates  could  be  developed.  Such 
an  investigation  is  highly  recommended. 

It  should  be  recognized  that  the  LCC  estimates  produced 
in  this  investigation  assume  that  these  are  the  only  SEMR- 
equipped  aircraft  in  inventory  and  that  SEMR  is  the  only  Air 
Force  avionics  system  in  which  SEMs  are  used.  Thus,  the  results 
do  not  reflect  some  potential  cost  savings  accruing  to  SEM 
usage,  e.g.,  reduction  in  spares  inventory,  supply  system  entry 
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Figure  3.  Logistic  support  cost  differential  for 
minimum  cost  cases  vs.  depot  repair. 


and  module  acquisition  costs.  Estimates  of  these  savings  should 
also  be  included  in  any  furhter  investigation  of  SEM  costs. 

Other  principal  conclusions  of  this  investigation  are 
briefly  summarized  as  follows: 

a.  With  the  exception  of  a very  few  module  types  it 
is  less  costly  to  discard  failed  SEMs  than  to 
repair  them. 

b.  The  throwaway  vs.  repair  decision  must  be  made  on  an 
individual  SEM  basis,  because  it  depends  not  only  on 
module  cost  but  also  on  expected  number  of  failures 
over  the  operational  use  period. 

c.  For  those  SEMs  that  should  be  repaired,  only  depot 
repair  need  be  considered,  since  the  costs  associated 
with  establishing  intermediate  (base  level)  test  and 
repair  facilities  far  outweigh  potential  savings. 

d.  On  the  basis  of  SEMR  cost  analysis  results,  all  re- 
pairs (both  SEM  and  non-SEM)  can  be  made  more 
economically  at  depot  level.  Thus,  for  this  radar 
at  least,  intermediate  or  base  level  repair  could  be 
eliminated. 

e.  It  is  less  costly  to  spare  modules  rather  than 
first  line  units  (FLUs) , providing  that  fault  iso- 
lation capability  to  the  module  level  exists  either 
through  BITE  or  base  test  equipment.  If  additional 
test  equipment  must  be  provided,  cost  of  this 
capability  must  be  weighed  against  the  savings  in 
pipeline  costs  obtained  through  sparing  lower  cost 
modules . 


SECTION  II 

PROGRAM  OBJECTIVES 

The  modern  dilemma  of  high  logistics  costs,  equipment 
proliferation,  increased  complexity,  low  reliability,  and  ever 
increasing  inflation  rate  coupled  with  defense  budget  limitations 
all  force  a critical  reappraisal  of  avionic  system  life  cycle 
costs. 


Numerous  studies  have  identified  increased  standardiza- 
tion as  a viable  approach  to  significantly  reduced  avionics 
equipment  life  cycle  costs.  Cost  savings  from  20%  to  greater 
than  50%  have  been  forecasted,  but  unsubstantiated. 

The  Navy  Standard  Electronic  Module  Program  (SEMP)  has 
attempted  to  reduce  costs  through  standardization  by  developing 
a library  of  standard  electronic  modules  (SEMs)  with  standard 
form  and  mechanical  interfaces  and  with  commonly  used  electronic 
functions.  The  push  for  increased  performance  in  past  develop- 
ment programs  has  severely  restricted  usage  of  SEMs  and,  as  a 
consequence,  limited  the  availability  of  cost  savings  data. 

AFAL  has  funded  a program  with  the  Naval  Avionics 
Facility  Indianapolis  (NAFI)  to  redesign  an  AN/APN-59B  weather, 
navigation,  beacon  radar  system  utilizing  SEM  technology.  The 
Standard  Electronic  Module  Radar  (SEMR)  uses  over  300  SEMs 
of  more  than  90  types  and  incorporates  a high  level  of  BITE 
(fault  isolation  to  4 to  6 modules) . This  system  is  serving 
as  a demonstration  vehicle  to  provide  information  on  suitability 
of  existing  SEM  technology  for  avionics  applications  and  provide 
a base  for  detailed  investigation  of  potential  cost  savings 
resulting  from  standardization  and  SEM  maintenance  concepts. 
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The  investigations  performed  in  the  SEMR  Cost  Analysis 


Program  reported  herein  are  designed  to  provide  a detailed 
evaluation  of  the  impact  of  the  SEM  philosophy  on  equipment 
life  cycle  cost,  including  variations  in  maintenance  structure, 
level  of  BITE,  and  throwaway  vs.  repair  of  modules.  Four 
distinct  analyses  are  included; 

a.  Total  LCC  estimate  for  SEMR  installed  in  USAF 
C-130  and  C-135  aircraft. 

b.  Total  LCC  estimate  for  SEMR  (pilot  operable 
configuration)  installed  in  USAF  C-141  aircraft. 

c.  Analyses  to  evaluate  the  impact  on  the  above  LCC 
estimates  of  variations  in  maintenance  structure, 
throwaway  vs.  repair  concepts,  and  level  and 
confidence  of  BITE, 

d.  Determination  of  SEMR  minimum  LCC. 

2.1  LIFE  CYCLE  COSTS 

Life  cycle  costs  include:  (1)  development  costs  re- 
quired subsequent  to  the  present  SEMR  demonstration  prototypes 
(e.g. , production  engineering,  preproduction  models,  and  full 
military  qualification) ; (2)  acquisition  costs  (e.g.  , system 

hardware,  initial  spares,  training,  documentation,  AGE,  intro- 
duction of  new  parts  into  the  federal  supply  system,  and  air- 
frame integration  costs) ; and  (3)  total  logistics  support  costs 
(e.g.,  replenishment  spares,  support  and  test  equipment,  update 
technical  data  and  manuals,  manning  (training  and  crew  require- 
ments), administration,  and  supply  for  life  cycles  of  10,  15, 
and  20  years) . 
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The  basic  SEMR  configuration  is  designed  for  use  in 
C-130  and  C-135  aircraft.  The  SEMR  design,  however,  also 
includes  provisions  for  a pilot  operable  configuration  to  be 
used  in  C-141  aircraft.  Through  removal  of  a limited  number 
of  modules  and  addition  of  a pilot  control  box,  the  SEMR  can 


be  used  by  the  pilot  for  weather  search.  Life  cycle  cost 
estimates  are  included  for  the  C-130/135  and  C-141  versions  of 
SEMR  both  individually  and  as  part  of  a mixed  force  comprising 
all  three  aircraft  types.  These  estimates  are  based  on  a 
design  analysis  performed  by  Norden  and  the  following  inputs 
provided  by  AFAL: 

a. 

production  quantities 

b. 

number  of  aircraft  (by  type) 

c. 

number  of  bases 

d. 

system  installation  cost 

e. 

Air  Force  maintenance  structure  (flight  line, 
intermediate,  depot) 

f . 

SEMR  design  data,  parts  list 
predictions . 

, and  reliability 

2.1.1  Development  Cost 

The  first  major  element  of  SEMR  LCC  is  development 
cost,  which  includes  all  costs  involved  in  proceeding  from 
the  present  SEMR  prototype  demonstration  model  to  full  scale 
production.  This  includes,  for  example,  the  cost  of  production 
engineering,  preproduction  models  (prototype) , procurement 
data  package,  and  full  military  environmental  qualification. 

It  also  includes  the  cost  of  module  qualification  for  those 
SEMs  made  standards  as  a result  of  this  program. 
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2.1.2  Acquisition  Cost 


The  second  major  element  of  SEMR  LCC  is  acquisition 
cost  which  includes  those  costs  (recurring  and  nonrecurring) 
expected  under  a procurement  of  SEMR  in  the  quantities 
furnished  by  AFAL.  The  acquisition  costs  of  existing  standard 
modules  are  obtained  from  commercial  vendors.  The  costs  of 
nonstandard  portions  of  the  SEMR  are  determined  by  Norden. 

Cost  of  system  installation  and  Government  program  management 
during  the  acquisition  phase  are  included  as  part  of  acquisition 
costs. 

2.1.3  Logistics  Support  Cost 

The  logistics  support  costs  for  life  cycles  of  10,  15, 
and  20  years  are  calculated  based  upon  the  existing  SEMR 
design,  reliability  predictions,  and  maintenance  structure 
furnished  by  AFAL.  The  SEMR  BITE  circuitry  will  detect  and 
isolate  to  a group  of  4 to  6 modules  or  equivalent  functional 
entity  for  nonmodular  portions  of  the  systems.  The  assumptions 
made  based  upon  this  BITE  design  include:  (1)  incremental 
removal  and  replacement  of  the  isolated  modules  until  the  fault 
is  corrected;  (2)  the  failed  modules  are  throwaway  items; 

(3)  subassemblies  not  isolated  to  a reasonable  level  are 
returned  to  the  depot  for  repair;  (4)  no  intermediate 
(base  shop)  level  repair  is  required;  and  (5)  the  only  peculiar 
support  equipment  is  that  required  to  fault  isolate  repair- 
able items  at  the  depot.  Logistics  support  costs  also  include 
initial  and  replacement  spares,  documentation  and  updating 
of  technical  data  and  manuals,  manpower  (training  and  crew 
requirements) , introduction  of  new  parts  into  the  Federal 
Supply  System,  and  administrative  and  supply  support. 


yc>i 
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2.2  COST  SENSITIVITY  ANALYSIS 

The  cost  data  developed  for  the  two  basic  SEMR  configura- 
tions are  used  as  the  baseline  for  a cost  sensitivity  analysis 
to  evaluate  the  impact  of  LCC  of  variations  in  maintenance 
structure,  throwaway  versus  repair,  and  level/confidence  of 
BITE.  For  this  analysis,  the  baseline  assumptions  are  modified 
to  examine  the  effect  on  total  cost  of  base  or  depot  repair 
of  SEMs,  and  input  data  values  are  adjusted  to  determine  the 
effect  of  four  other  levels  of  BITE. 

2.2.1  Support  Structure  and  Repair  Concepts 

Cost  sensitivities  associated  with  throwaway  versus 
repair  concepts  are  evaluated  to  determine  the  optimum  level  of 
repair  which  minimizes  life  cycle  costs.  Areas  addressed 
under  this  analysis  include: 

a.  Is  it  cheaper  to  repair  the  modules? 

b.  If  it  is  cheaper,  at  what  level  should  they  be 
repaired  (intermediate  or  depot)? 

c.  Can  one  or  more  levels  of  the  maintenance 
organization  be  eliminated? 

d.  Is  it  cheaper  to  spare  FLUs  rather  than  modules? 

e.  At  what  maintenance  level  should  the  nonmodular 
portions  of  the  SEMR  be  repaired? 

f.  Is  there  a maximum  throwaway  cost  that  can  be 
associated  with  the  modules? 

2.2.2  Level/Confidence  of  BITE 

The  levels  and  confidence  of  BITE  are  varied  to  evaluate 
the  life  cycle  cost  sensitivities  of  BITE  concepts.  The  BITE 
levels  evaluated  are:  (1)  no  BITE;  (2)  BITE  to  the  FLU/group; 


(3)  BITE  to  a group  of  8 to  10  modules;  (4)  BITE  to  a group  of 
4 to  6 modules,  and  (5)  BITE  to  the  individual  module.  This 
is  accomplished  by  estimating  the  costs  of  circuitry,  test 
equipment,  and  support  posture/structure  as  the  levels  and 
confidence  of  BITE  change. 

2.3  SEMR  MINIMUM  LIFE  CYCLE  COST 

Finally,  an  analysis  of  LSC  model  inputs  is  made  to 
determine  the  design  and  logistics  support  structure  that  would 
result  in  the  lowest  LCC  for  operational  use  periods  of  10,  15, 
and  20  years.  These  findings  are  then  verified  by  additional 
LSC  Model  runs  and  the  results  analyzed  in  an  attempt  to  derive 
an  optimum  general  maintenance  philosophy  for  SEMs. 


SECTION  III 

LIFE  CYCLE  COST  MODEL 


Total  life  cycle  cost  is  the  sum  of  logistic  support 
costs,  development  costs,  and  acquisition  costs.  Elements  of  the 
latter  two  require  little  or  no  computation  beyond  that  involved 
in  estimating  their  values.  Thus,  there  is  little  advantage  in 
using  a computer  to  total  these  costs.  In  addition  most  of  the 
specific  cases  to  be  examined  involve  variations  that  affect 
logistic  support  costs  only.  The  most  efficient  approach,  there- 
fore, is  to  obtain  total  life  cycle  cost  estimates  by  manually 
adding  estimates  for  the  development  and  acquisition  cost 
elements  to  LSC  Model-derived  operating  and  support  cost  ele- 
ments. Figure  4 lists  the  actual  cost  elements  included  in  each 
phase  of  SEMR  life  cycle  cost. 

3 . 1 DEVELOPMENT  COSTS 

Development  costs  include  all  items  necessary  to  fabri- 
cate preproduction  prototypes  to  complete,  released,  engineering 
definition.  These  are  estimated  in  the  same  manner  as  hardware 
development  proposals  using  the  same  techniques  and  data  base. 
Each  estimate  includes  the  following  items; 

a.  Breadboard  and  test  - the  small  amount  of  develop- 
mental effort  necessary  to  incorporate  changes, 
dictated  by  prototype  system  testing,  into  the 
design.  This  item  also  includes  some  testing  of 
minor  redesigns  resulting  from  production  engi- 
neering changes  to  the  lab-built  prototype  system. 

b.  Preparation  of  data  items  - labor  to  upgrade  the 
development  drawings  to  a complete  set  of  manufac- 
turing drawings  in  accordance  with  MIL-D-1000. 
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DEVELOPMENT 

PHASE 


ACQUISITION 

PHASE 


OPERATION  & 
SUPPORT  PHASE 


PROJECT/PROGRAM  MANAGEMENT 

FACTORY  TOOLING 

INITIAL  AND  REPLACEMENT  SPARES 

PRODUCTION  ENGINEERING 

FACTORY  TEST  EQUIPMENT 

ON  EQUIPMENT  MAINTENANCE 

BREADBOARD  AND  TEST 

MAJOR  SYSTEM  EQUIPMENT 

OFF-EQUIPMENT  MAINTENANCE 

PREPRODUCTION  MODELS 

INSTALLATION 

INVENTORY  ENTRY  AND  SUPPLY  MAINTENANCE 

DATA 

AF  PROGRAM  MANAGEMENT 

SUPPORT  EQUIPMENT 

SYSTEM  QUALIFICATION 

TECHNICAL  DATA^ 

PERSONNEL  TRAINING  AND  TRAINING  EQUIPMENT 

NEW  SEM  standards’ 

(SUPPLY  SYSTEM  ENTRY)^ 

MANAGEMENT  AND  TECHNICAL  DATA 

SUPPORT  TO  AF  TtSTiNG 

(INITIAL  SPARES|3 

FACILITIES 

SPARES 

(INITIAL  TRAINING)^ 

AF  QUALIFICATION 

AF  PROGRAM  MANAGEMENT 

GFE 

NOTES.-  1.  SELECTED  MODULES  ONLY 

2.  EXCEPT  MANUALS  WHICH  ARE  INCLUOED  IN  LSC  MODEL 

3.  NORMALLY  CONSIDERED  AN  ACQUISITION  COST  BUT  INCLUDED  IN  LSC  MODEL 


Figure  4.  Cost  elements  of  SEMR  life  cycle  cost  phases. 
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c.  Fabrication  of  preproduction  prototype  units  - all 
factory  labor,  purchases,  production  engineering 
support  and  other  costs  associated  with  the  fabrica- 
tion of  the  prototypes. 

d.  System  qualification  - contractor  and  Air  Force 
qualification  tests.  Contractor  testing  includes 
all  hardware,  test  and  refurbishment  costs.  In 
addition  to  conventional  system  testing  a separate 
line  item  is  included  showing  estimates  of  con- 
tractor and  Government  costs  associated  with  the 
qualification  of  certain  SEMs  as  standards.  This 
is  based  on  a listing  of  those  SEMs  developed 
specifically  for  the  SEMR  program,  that,  because 
of  quantity  or  potential  usage  on  other  systems, 
should  be  qualified  as  standards. 

e.  Program  management  - contractor  and  government 
project  and  program  management  costs  associated 
with  the  system  development  effort. 

3.2  ACQUISITION  COSTS 

Acquisition  costs  include  all  recurring  and  non-recurring 
items  associated  with  procurement,  ins+-allation  and  integration 
of  the  required  number  of  systems  into  the  operational  force. 

As  noted  in  Figure  4 certain  items  often  considered  to  be 
acquisition  costs  are  treated  as  operating  and  support  costs 
for  this  investigation  because  they  are  specifically  included 
in  the  LSC  Model. 

Acquisition  cost  element  estimates  are  based  on  the 
equipment  quantities  specified  by  AFAL.  The  contractor  portion 
of  these  costs  is  derived  using  the  same  data  base  and  techniques 
as  would  be  used  in  preparing  a hardware  production  proposal. 

Each  estimate  includes  the  following  items: 
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a.  Design  and  fabrication  of  factory  tooling  and  test 
equipment  - preparation  of  operation  sheets  and  of 
other  procedures  necessary  to  support  the  production 
quantities.  The  associated  production  rate  used  in 
each  case  is  the  one  which  results  in  minimum  produc- 
tion costs. 

b.  Engineering  changes  - development  and  incorporation 
into  the  design  of  changes  found  necessary  as  a 
result  of  qualification  testing. 

c.  Installation  - cost  of  installation  kits  and  air- 
frame integration  as  supplied  by  AFAL. 

d.  Major  system  equipment  - total  manufacturing  fabri- 
cation costs  including  all  purchased  parts,  labor 
and  engineering  support.  Estimates  assume  purchase 
of  all  special  SEM  and  non-SEM  hardware.  Standard 
SEMs  are  assumed  to  be  GFE. 

e.  Technical  data  - preparation  of  data  items  based  on 
an  estimate  of  the  required  data. 

f.  Program  management  - cost  of  contractor  and  govern- 
ment project  and  program  management  associated  with 
items  a.  through  e.  above. 

3. 3 LOGISTIC  SUPPORT  COSTS 

The  LSC  Model  used  in  the  SEMR  Cost  Analysis  Program  was 
developed  by  AFLC  as  a tool  for  computing  estimates  of  expected 
support  costs  which  might  be  incurred  by  adopting  a particular 
design  or  choosing  a certain  design  alternative.  It  does  not 
provide  total  life  cycle  costs  but  does  produce  detailed 
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estimates  of  operating  and  support  costs  down  to  the  FLU  level. 
For  purposes  of  this  investigation  inputs  are  structured  to 
obtain  costs  to  the  module  level. 

In  the  LSC  Model,  costs  for  each  subunit  are  obtained 
by  summing  seven  cost  elements.  The  sum  of  these  totals  for 
all  subunits  is  then  added  to  three  additional  cost  elements 
to  obtain  the  total  logistic  support  cost.  Thus,  the  model 
includes  ten  basic  cost  equations  with  the  first  seven  being 
repeated  for  each  subsystem.  This  model  has  been  modified 
slightly  by  Norden  to  provide  a further  breakout  of  costs  for 
the  first  eight  equations.  Specific  costs  computed  by  the  ten 
equations  of  the  LSC  Model  together  with  the  Norden  breakout 
(two-digit  subscripts)  are  discussed  below. 

Definitions  for  the  LSC  model  variables  are  presented 
in  Appendix  B,  and  the  basic  equations  are  given  in  Appendix  C. 
Two  principal  advantages  are  provided  by  the  more  detailed 
Norden  breakout  cf  these  equations:  (1)  it  facilitates  deter- 

mination of  major  cost  elements;  and  (2)  it  enables  manual 
extrapolation  of  costs  for  other  operational  life  periods 
without  making  additional  computer  runs.  Specific  factors 
for  converting  10-year  costs  to  15  and  20-year  life  cycles 
are  shown  in  Figure  5.  Note  that  different  factors  are 
required  in  many  cases  to  convert  subequations  of  a given 
basic  equation. 

One  other  modification  of  the  basic  LSC  Model  is  used 
in  the  SEMR  cost  analysis.  Certain  standard  cost  factors  are 
escalated  to  FY— 77  values  so  that  all  costs  are  in  consistent 
year  dollars.  The  escalation  factors  used  were  obtained  from 
the  Office  of  the  Comptroller  of  the  Army. 
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3.3.1 


= Initial  and  Replacement  Spares  Cost 


This  gives  the  initial  investment  cost  of  spares 
necessary  to  support  the  repair  pipelines  plus  the  purchase 
cost  of  spares  to  replace  condemned  subunits.  The  computation 
includes  a spares  safety  level  quantity  to  provide  protection 
against  fluctuation  in  item  demand.  This  quantity  is  determined 
on  the  basis  of  an  expected  backorder  criterion. 

= Cost  of  Base  Pipeline  Spares 
C-^2  ~ of  Depot  Pipeline  Spares 


C 
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Cost  of  Condemnations 


3.3.2  ^2  ~ Maintenance  Cost 

This  gives  flight  line  maintenance  labor  costs  to  per- 
form corrective  maintenance  in  place  or  to  remove  and  replace 
subunits  for  subsequent  repair.  It  also  includes  labor  costs 

to  perform  scheduled  maintenance  and  inspections  on  the  sub- 
system. 

= Cost  of  Unscheduled  Maintenance  Labor 
C22  ~ Cost  of  Scheduled  Maintenance  Labor 


3.3.3  *“3  “ Off-Equipment  Maintenance  Cost 

This  gives  labor  and  material  costs  for  base  and 
depot  maintenance  facilities  to  diagnose,  repair  or  attempt 
to  repair  subunits.  It  also  includes  associated  packing  and 
shipping  costs  for  items  returned  to  depot  for  repair. 

= Cost  of  Base  Maintenance  Labor  and  Materials 
C^2  ~ Cost  of  Depot  Maintenance  Labor  and  Materials 
~ Cost  of  Packing  and  Shipping 
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3.3.4  = Inventory  Entry  and  Supply  Management  Costs 

This  gives  the  management  cost  to  introduce  new  line 
items  into  the  Air  Force  inventory  as  well  as  recurring  supply 
management  costs. 

= Cost  of  Government  Supply  System 
C^2  “ Cost  of  Base  Supply  System 

3.3.5  = Support  Equipment  Costs 

5 

This  computes  the  cost  of  peculiar  support  equipment 
based  on  the  anticipated  workload  and  servicing  capability. 
Cost  of  necessary  additional  units  of  common  support  equipment 
is  also  included. 

C^j^  = Cost  of  Base  Peculiar  Support  Equipment 
C^2  ~ Cost  of  Depot  Peculiar  Support  Equipment 

= Cost  of  Base  and  Depot  Common  Support  Equipment 


3.3.6  C = Cost  of  Personnel  Training  and  Training  Equipment 
6 

This  gives  the  initial  and  recurring  costs  to  train 
maintenance  personnel  (instruction  and  training  materials)  and 
the  cost  of  peculiar  training  equipment  required  for  the 
subsystem. 

C = Cost  of  Base  Maintenance  Personnel  Training 
61 

C - = Cost  of  Depot  Maintenance  Personnel  Training 
62 

C--  = Cost  of  Training  Equipment 
63 
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3.3.7  ^7  “ ^ost  of  Management  and  Technical  Data 


This  gives  the  cost  for  Technical  Orders  (TOs) , overall 
manuals  and  other  special  technical  documentation  or  repair 
instructions.  It  also  computes  maintenance  labor  costs  to 
complete  on-  and  off-equipment  maintenance  records,  supply 
transaction  records  and  transportation  forms. 


= Cost  of  Labor  for  Completing  Unscheduled 
Maintenance  Forms. 


“ Cost  of  Labor  for  Completing  Scheduled 


Maintenance  Forms 


= Cost  of  Maintenance  TOs  and  TMs 


3.3.8  Cg  = Facilities  Costs 


This  gives  the  cost  of  special  base  and  depot  facilities 
(including  utilities)  necessary  for  operation  and  maintenance 
of  the  subsystem. 


Cq,  = Cost  of  Depot  Maintenance  Facilities 

o X 


Cg2  ~ Cost  of  Base  Operation  and  Maintenance 


Facilities 


3.3.9  “ Fuel  Consumption  Cost 


For  systems  with  propulsion  subsystems,  this  equation 
gives  the  cost  of  fuel  for  the  operational  life  of  the  system. 
This  is  not  used  in  the  SEMR  analysis. 


3.3.10  Cj^Q  = Cost  of  Spare  Engines 


When  applicable,  this  gives  the  cost  of  whole  spare 
engines  required  in  the  base  and  depot  pipeline  to  support 
the  weapon  system.  This  is  not  used  in  the  SEMR  analysis. 
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Figure  5.  LSC  model  cost  conversion  factors  for  extrapola- 
tion from  10  to  15  and  20-year  life  cycles. 
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3.4 


Input  Data 


Basic  data  for  the  investigation  were  provided  by  AFAL. 
These  included  the  system  use  factors  summarized  in  Table  1, 
detailed  system  definition  prepared  by  NAFI,  and  the  SEMR 
reliability  analysis  prepared  by  RADC.  Some  of  the  LSC  Model 
input  variable  values  were  taken  directly  from  these  data, 
while  others  were  derived  by  Norden  engineers  through  analysis 
of  the  basic  data.  Some  of  the  latter  required  use  of  exper- 
ience factors  and  data  developed  during  design,  development, 
and  production  of  similar  avionics  hardware.  Variables  relating 
to  BITE  variations,  repair  concept,  and  support  equipment  in 
particular  were  almost  totally  derived  on  the  basis  of  Norden 
experience . 

Tables  2 and  3 show  the  reliability  inputs  used  in 
the  analysis.  These  are  based  on  the  RADC  analysis  but  in- 
corporate certain  revisions  to  make  the  results  more  represen- 
tative of  production  hardware.  First,  some  minor  design 
changes  in  SEM  types  and  quantities  made  subsequent  to  the 
RADC  analysis  were  picked  up.  Second,  in  accordance  with  RADC 
recommendations,  use  of  MIL-quality  parts  was  assumed  in  certain 
of  the  special  modules  used.  Finally,  the  revised  reliability 
predictions  for  individual  units  were  combined  to  obtain 
revised  values  for  the  two  SEMR  configurations  being  investigated. 


TABLE  1.  SUMMARY  OF  SEMR  SYSTEM  USE  FACTORS 


AIRCRAFT 

NUMBER 

PERCENT 

NUMBER 

FLIGHT  HOURS 

TOTAL  FLIGHT  HOURS* 

TYPE 

AIRCRAFT 

OVERSEAS 

BASES 

PER  MONTH 

10  YEARS 

15  YEARS 

20  YEARS 

C 130 

1,237 

35 

63 

43,606 

5,232,720 

7,849,080 

10,465,440 

C-135 

663 

13 

57 

28,000 

3,360,000 

5,040,000 

6,720,000 

C 130/135 

1,900 

27 

120 

71,606 

8,592,720 

12,889,080 

17,185,440 

C-141 

265 

0 

9 

21,426 

2,571,120 

3,856,680 

5,142,240 

MIXED  FORCE 

2,165 

24 

125** 

93,032 

11,163,840 

16,745.760 

22,327,660 

1 

•ACTUAL  SEMR  ON-TIME  ASSUMED  TO  BE  20%  GREATER  THAN  NUMBER  OF 
FLIGHT  HOURS 


, ‘'FOUR  BASES  COMMON  TO  C-130/135  AND  C-141  AIRCRAFT 
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TABLE  2 


SEMR  REVISED  RELIABILITY 


UNIT 

1.  Receiver  Transmitter  Cabinet 

Receiver* 

Timing  and  Control* 

BITE* 

System  Power  Supply* 

Modulator  Power  Supply* 

R/T  Unit 

Local  Control  Panel  (R/T) 

Local  Control  Panel  (BITE) 
Microwave 

2.  Modulator  Cabinet 

Modulator 
Power  Converter 
Magnetron 

3.  Ant.  Control  Electronics  Cabinet 

Antenna  Control  Electronics* 
Antenna  Control  Unit 

4.  Display  Electronics  Unit  Cabinet 

Display  Electronics  Unit* 
Display  Unit 

5.  Miscellaneous 

I ndi ca  tor 

Remote  Control  Box  (R/T) 
Display  Control  Box 
Remote  Control  Box  (BITE)* 

Pi  lot  Control  Box 
Junction  Box  #8 
Junction  Box  #9 

System  Total 


C-130/135  C-141 


A MTBF 

\ 

MTBF 

(x  10"')  (HRS) 

(x  lO'M 

(HRS) 

240.44 

4,159 

238.  1 3 

4,199 

199.44 

5,014 

199.44 

5,014 

327.26 

3,056 

327.26 

3,056 

158.44 

6,312 

158.44 

6,312 

187.96 

5,320 

187.96 

5,320 

53.27 

18,772 

53.27 

18,772 

133.41 

7,496 

133.41 

7,496 

65.50 

15,267 

65.50 

15,267 

707.32 

1,414 

707.32 

1 ,414 

46.90 

21,322 

46.90 

21,322 

94.93 

10,534 

94.93 

10,534 

455.00 

2,198 

455.00 

2,198 

133.49 

7,491 

133.49 

7,491 

41.61 

24,033 

41.61 

24,033 

615.71 

1 ,624 

493.16 

2,028 

12.02 

83,195 

12.02 

83,195 

1 ,078.1  2 

928 

539.06 

1,855 

95.67 

10,453 

. 

. 

102.10 

9,794 

. 

. 

107.68 

9,287 

- 

- 

• 

- 

155.85 

6,416 

36.43 

27,450 

36.43 

27,450 

7.98 

125,313 

7.98 

125,313 

4,910.01 

204 

4,087.16 

245 

*FLUs  which  use  SEMs 
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TABLE  3.  SEM  USAGE  IN  SEMR  RADAR*  (CONTINUED) 


Ine  ROH  1A  z/Q 


TABLE  3.  SEM  USAGE  IN  SEMR  RADAR*  (CONTINUED) 
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SECTION  IV 
SYSTEM  DESCRIPTION 


4 . 1 GENERAL 

SEMR  has  been  designed  by  NAFI  for  use  either  in  C-130 
and  C-135  or  in  C-141  aircraft.  A WBS  for  the  two  configurations 
is  shown  in  Figure  6.  Principal  differences  are  the  number  of 
indicators  and  the  ancillary  boxes  used.  These  differences  stem 
primarily  from  the  fact  that  the  C-141  does  not  use  a navigator, 
so  that  configuration  is  designed  to  be  pilot  operable.  Also, 
there  are  some  minor  differences  in  SEM  usage  as  shown  in  Table  4. 

All  SEMs,  except  those  in  the  remote  control  box  (BITE) , 
are  mounted  in  self-contained  replaceable  subassemblies  con- 
sisting only  of  SEMs,  connectors,  wiring  and  structure.  The  re- 
mote control  box  (BITE)  contains  only  five  SEMs,  each  of  which 
plugs  directly  into  the  main  unit. 

The  WBS  (Figure  6)  shows  the  breakout  of  SEMR  to  the 
first  line  unit  (FLU)  level.  An  FLU  is  defined  as  the  first 
level  of  assembly  below  the  system  level  that  is  carried  as  a 
line  item  of  supply  at  the  base  level.  It  usually  is  the  high- 
est level  of  assembly  that  is  removed  and  replaced  as  a unit  in 
order  to  return  the  equipment  to  an  operational  condition.  In 
the  SEMR  cost  anaJ.ysis,  all  SEMs  were  treated  as  FLUs  in  order 
to  obtain  logistic  support  cost  data  to  the  module  level. 

4.2  SPECIFIC 

The  brief  description  of  major  SEMR  components  presented 
in  the  remainder  of  this  section  is  intended  only  to  provide  a 
background  for  the  cost  analysis  discussion  in  the  following 
sections.  A more  detailed  description  of  the  hardware  can  be 
found  in  the  NAFI  Interim  Engineering  Report.^ 


1 "Standard  Electronic  Module  Radar  (SEMR),  Interim  Engineering 
Report";  TR  2088;  September,  1975;  Naval  Avionics  Facility, 
Indianapolis,  Indiana. 
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C130/135  (2) 
041  (1) 


030/135  ONLY 


C141  ONLY 


Figure  6.  SEMR  work  breakdown  structure  (WBS) 
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TABLE  4.  SUMMARY  OF  SEM  UTILIZATION 


C-130/135 

C 141 

UNIT 

NUMBER  OF 
MODULES 

NUMBER  OF 
MODULE  TYPES 

NUMBER  OF 
MODULES 

NUMBER  0^ 
MODULE  TYPES 

T&C/BITE 

108 

37 

108 

37 

SYSTEM  PS 

23 

16 

23 

16 

MODULATOR  PS 

26 

15 

26 

15 

RECEIVER 

25 

21 

24 

21 

DISPLAY  ELECT  UNIT 

117 

47 

102 

46 

ANTENNA  CONTROL  ELECT 

32 

20 

32 

20 

REMOTE  CONTROL  BOX  BITE 

5 

4 

NA 

NA 

SYSTEM  TOTALS 

336 

94 

315 

92 

4.2.1 


1 


Receiver/Transmitter  Cabinet 

Figure  7 is  a photograph  of  the  R/T  cabinet  showing  the 
SEM  mounting  panels.  At  the  top  of  the  cabinet  is  the  local 
control  panel  which  also  is  normally  covered.  From  this  posi- 
tion, a maintenance  technician  can  operate  most  of  the  functions 
of  the  cockpit  controls  plus  some  test  functions  not  otherwise 
available . 

Inside  the  cabinet  are  the  microwave  assembly  and  four 
SEM  card  cages.  Timing  and  cont"9rol  and  BITE  SEMs  are  located 
on  a common  card  cage  which  swings  to  the  left.  System  power 
supply  and  modulator  power  supply  card  cages  are  mounted  back 
to  back  on  a panel  v/hich  swings  to  the  right.  Receiver  SEMs 
are  located  on  a fourth  card  cage  mounted  inside  the  cabinet. 

With  both  panels  open,  the  technician  has  access  to  all  SEMs  and 
to  all  microwave  modules  and  adjustments  in  the  microwave  unit. 

4.2.2  Modulator  Cabinet 

Figure  8 is  a photograph  of  the  modulator  cabinet.  The 
modulator  cabinet  mounts  to  the  right  of  the  R/T  cabinet,  and 
both  are  attached  to  a common  mounting  plate.  The  smaller 
box  at  the  left  of  the  picture  contains  the  power  convertor. 

The  magnetron  is  at  the  upper  right.  No  SEMs  are  used  in  this 
portion  of  the  radar. 

4.2.3  Display  Electronics  Unit  (DEU) 

The  display  electronics  unit  (Figure  9)  consists  of  two 
subassemblies,  a SEM  card  cage  and  a housing  containing  connectors, 
harnessing  and  RFI  filters.  Since  the  DEU  is  capable  of  driving 
up  to  three  indicators,  only  one  DEU  is  required  for  either  the 
C-130/135  or  C-141  configuration. 
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4.2.4  Antenna  Control  Electronics  (ACE) 


The  antenna  control  electronics  unit  (Figure  10)  is  pack- 
aged similarly  to  the  DEU.  It  contains  two  subassemblies,  a SEM 
card  cage  and  a housing  containing  connectors,  harnessing,  trans- 
formers and  discrete  components. 

4.2.5  Junction  Boxes 

There  are  two  junction  boxes.  Junction  Box  #8  and 
Junction  Box  #9.  These  units  provide  electrical  interfaces 
between  the  various  units  of  the  radar  system.  They  consist 
entirely  of  harnessing,  connectors  and  junction  blocks  and  con- 
tain no  electronic  components  other  than  circuit  breakers 
and  relays. 

4.2.6  Indicator 

Two  indicators  are  used  per  system  in  the  C-130/135  con- 
figuration and  one  per  system  in  the  C-141  configuration.  The 
indicator,  is  shov/n  in  Figure  11.  It  consists  of  a front  panel 
with  controls,  a direct  view  storage  tube  and  associated  cir- 
cuitry. There  are  no  SEM  modules  in  the  indicator. 

4.2.7  Control  Boxes 

There  are  four  control  boxes.  The  remote  control  box 
(R/T) , the  display  control  box  and  the  remote  control  box  (BITE) 
are  used  in  the  C-130/135  configuration  only.  The  pilot  control 
box  is  used  in  the  C-141  only.  All  are  of  conventional  design 
consisting  of  discrete  components,  readouts,  switches,  pots, 
etc.  Of  the  four,  the  remote  control  box  (BITE)  is  the  only  one 
containing  SEM  modules  and  is  also  the  only  one  that  does  not 
have  an  edge  lit  panel. 
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SECTION  V 

DEVELOPMENT  AND  ACOUISITION  COSTS 


Hardware  cost  estimates  for  input  to  the  Logistic  Support 
Cost  Model  are  based  on  system  descriptions  found  in  NAFI  reports 
Standard  Eleatronia  Model  Radar,  Interim  Engineering  Report, 
TR2088,  and  Comparison  of  SEMR  with  Radar  Set  AN / APR &9B , 

17  November  1975;  RADC  report  Reliahility  Analysis  of  the 
Standard  Electronic  Module  Radar,  25  May  1976;  and  various 
parts  lists  and  drawings.  These  were  supplemented  by  dis- 
cussions with  NAFI  personnel  and  by  a set  of  photographs  of 
the  major  assemblies. 

After  reviewing  this  material,  it  became  obvious 
that  there  was  not  enough  specific  detailed  drawings  from 
which  to  make  complete  independent  "bottoms  up"  estimates. 

This  coupled  with  schedule  limitations  and  budget  restrictions 
necessitated  the  development  and  application  of  other  estimating 
techniques.  Several  were  used,  each  individually  chosen  as 
the  best  for  the  particular  item  being  estimated.  A brief 
description  of  these  techniques  follows. 

Vendor  Quote 

Estimates  use  current  or  recent  vendor  quotes  to  which 
factors  of  material  handling,  scrap,  rework,  G&A  and  profit 
are  added  to  establish  a selling  price.  In  estimating  costs 
for  standard  SEMs  no  factors  were  added  as  it  is  believed  that 
the  minimum  cost  would  be  obtained  by  Government  procurement 
of  these  units  for  supply  to  the  contractor.  Therefore  for 
standard  SEMs  only,  vendor  quotes  are  used  directly. 
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similar  To 


"Similar  to"  is  used  to  relate  a hardware  or  task 
item,  as  a percentage  of  a known  item,  where  the  known  items  are 
based  on  current  production  programs  or  proposals. 

Bottoms  Up 

A "bottoms  up"  estimate  starts  with  actual  material 
and  manufacturing  labor  estimates.  To  these  are  added  the 
support  areas  of  engineering,  quality  control,  administration, 
test  engineering  and  program  management.  The  hours  for  these 
support  areas  are  determined  by  estimating  or  using  established 
historical  percentages  of  manufacturing  hours.  Both  techniques 
have  been  used. 

Parts  plus  Percent  for  Labor 

This  technique  is  used  to  estimate  a selling  price 
when  only  parts  costs  are  known  and  labor  cannot  be  readily 
estimated.  It  is  based  on  the  fact  that  labor  usually  accounts 
for  20%  to  40%  of  selling  price.  Obviously,  the  application 
of  this  technique  is  highly  judgemental,  and  it  is  the  least 
accurate  of  the  methods  used. 

In  order  to  apply  these  various  estimating  techniques 
consistently,  a set  of  rates  and  pricing  formula  were 
established.  These  are  summarized  on  the  actual  worksheet 
used  for  final  pricing  as  Table  5.  These  rates  and  support 
percentages  have  been  chosen  to  be  representative  of  a general 
industrial  base,  rather  than  any  particular  contractor. 

The  results  of  the  hardware  cost  analyses  are  shown  as 
Tables  6,  7,  and  8.  These  tables  show  equipment  cost,  standard 
SEM  cost  and  special  SEM  cost.  Prices  are  for  production 


TABLE  5.  PRICE  ANALYSIS  FORM  WITH  ASSUMED  RATES 


PRICE  ANALYSIS 


Customer 

Description 


Engineering  Direct  Labor 
Engineers 

Engineering  Assistants 
Draftsmen 

Technical  Publications 
Photo  Lab 

Plan  & Admin.  (Engr) 

Engr.  Support 

Total  Engineering  Direct  Labor 
Engineering  Overhead 
Manufacturing  Direct  Labor 
Prototype  Shop 
Machining 
Assembly 

Packaging  & Kitting 
In  Line  Test 

Product  Assurance  (Q.C.) 
Plan.  & Admin.  (Mfg) 

Product  Support 
Test  Engr.  T & TE  Design 
Total  Mfg.  Direct  Labor 
Manufacturing  Overhead 
Program  Mgmt  & Control 
PM&C  Overhead 
Purchases 

Material  Handling  Charge 
Other  Direct  Charges (SRO) 
Travel  & Living  Expense 
Sub-Total 

General  & Administrative 
Total  Inv  Cost 
Profit 


Amount 


165% 

13.78 


Sell  $ 
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TABLE  6.  SEMR  SELLING  PRICES  AND  ESTIMATING  TECHNIQUES  USED 


Selling 

Price 

($) 


R/T  Cabinet 


Local  Control  Panel 

287 

T & C /Bite* 

1668 

System  P.S.* 

699 

Modulator  P.S.* 

790 

Receiver* 

532 

Microwave 

7459 

Housing 

5297 

Estimating  Approach 

Vendor  Similar  Bottoms  Parts  + 
Quote  To  Up  * Labor 


/ 

/ 

✓ 

/ 

/ 

/ 

/ 


Modulator 


Modulator 
Power  Converter 
Magnetron 


5393  / 

6559  / 

1551  / 


Display  Electronics  Unit 

Display  Electronics  Unit*  2262 

Oispaly  Unit  2246 


Antenna  Control  Electronics 

Antenna  Control  Electronics*  648 

Antenna  Control  Unit  2394 


Miscellaneous 


Junction  Box  #8 

1651 

Junction  Box  #9 

968 

Indicator 

13074 

Remote  Control  Box  - R/T 

2205 

Display  Control  Box 

1345 

Remote  Control  box  - blit’ 

2194 

Pilot  Control  Box 

2547 

All  Standard  SEM 

- 

All  Special  SEM 

- 

✓ 

✓ 

✓ 

/ 


*These  units  contain  SEM  modules.  Price  shown  is  for  unit  less  SEM  modules. 


i 

1 


i 


I 


1 


42 


TABLE  7.  STANDARD  SEMS 


STANDARD  SEMS 


CODE 

QTYC130  ! 

QTYC141 

PRICE 

AOL 

15 

14 

60.00 

BBA 

1 

1 

75.00 

BDL 

14 

14 

47.00 

CMH 

14 

14 

41.00 

GDJ 

10 

8 

52.00 

COM 

2 

1 

129.00 

GDN 

1 

1 

45.00 

KDQ 

7 

5 

73.00 

KDR 

B 

7 

33.00 

LDN 

1 

1 

29.00 

LDQ 

14 

14 

31.00 

YBZ 

8 

94.00 

IN  PROCESS  STANDARD  SEMS 


BED 

2 

2 

124.00 

FHA 

7 

7 

198.00 

GEE 

2 

2 

146.00 

GVQ 

2 

2 

55.00 

HRH 

1 

1 

350.00 

JOB 

4 

4 

52.00 

MUM 

21 

19 

236.00 

RBF 

12 

12 

95.00 

SHU 

2 

1 

310.00 

SHV 

2 

1 

340.00 

SHX 

2 

1 

380.00 

SHY 

2 

1 

370.00 

.0)<NC0400ir)<*>CN^O(D(*l*“00 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQ 


< ^ ^ 

^ 5 O 

s o o 

O cc  -I 

U a.  o 


< oc 
> z ^ 


cc.  cc  o 

US  lu  ^ 

5 X < 

° 5 Q 


-1  -I  ^ 

< < CC  CC 

± i Q iif 

o o u. 


Sv; 

z 

UJ  '-^  < 


_j  a:  Q 

— « 
u.  ^ o 


< “-  ? K i j 

o:  uJ  < < 5" 

2 > “ 5 I 

u,  •-  D 3 ® < 

7 CJ  UJ  uj  Z ^ 

± < Q Q D t 


> (T 
OC  Ui 
O O 

O ? 

s o j 
< ° o 
<r  > > 


^ 2 O 

^ — O 

< t/3  c/5 


rH  > W 

u sS 

t) 

cnL—J 

S 

w_ 

CO  (/9 

Ui 

hJ  < o 

< 

H « “■ 

u -li! 

w >5 


cooS(rtfsgf_h'a3Nj5^cn3f-t3^>-K>5XD>-N>5j^>-3to5N5Xa 

cDujCCoLu^^^^^^couju.x^-juiXXXCCcoXujLi.^Xa.>ujQ.a)N^ 

Q:ccxcoi-i-DZ>DD3>>>>>>$g55555xxxxxx>>NDm 


fV4r>COU5CSC5ir5<N^®CNV^<Or^ 

0)r^c*5^^(NO^^ir)p^c^<Nr**oo 


♦-CNr7^»-«-cor)^*-»-^ 


P<405roo>o*“0)vr«*.a3r*>.ir5ir5or*«.^ 
^^^«00  05CO®«^^2<DOr«.CD 


s.  O 

• o u 
w 85: 

M 


K ? O 2 

— < -J  <j  o o 

0 ^ X o 

> % S a.  o 

a:  5 CC  f-  O 

1 S I I S 

3 “ 2 < “: 

O 5 d iH 


X o > ® < Q 


CC  O O 

g X X 

5 CJ  o 
><  O O 
^ X X 
< Q.  X 


o 

X 

-J 

UJ 

X 

3 

X 

UJ 

O 

_J 

z 

lU 

o 

Q 

_i 

Q 

I 

o 

O 

ca 

O 

h- 

< 

z 

D 

S 

Z 

X 

O 

< 

»- 

_J 

o 

I 

00 

UJ 

X 

O 

K 

< 

H 

g 

X 

o 

< 

UJ 

O 

> 

u 

X 

r^ 

X 

X 

X 

-J  — 

< 

z 

o 

z 

o 

^ 5 

< 

o 

a 

X 

u 

o 

_l 
t t 

> Ij  -I 

X Q-  3 

O 5 ^ 

_ < UJ 

X ® X 


UJl-O,,  luD^D 

xxO  — xOxO 


<UXQ-)Ou.(pX_JxxOcno<o.CC 

uju/ujxnujxxc;e)ft-<''<'j'tujOxx 

<<<<UUUUUOOOUuJujujuJUi 


a 

X 

O 

X 

X 

'OJ 

X 

O 

m 

UJ 

a 

O 

X 

o 

Q 

1 

< 1 

< 

< 

UJ 

UJ 

X 

< 

< 

X 

Nl 

O 

u 

O 

o 

X 

X 

u. 

X 

X 

X 

a 

O 

O 

a 

z 

X 

X 

X 

X j 

in  subsequent  analyses  involving  other  quantities,  a learning 
curve  of  90%  for  both  material  and  labor  was  used. 

The  majority  of  the  contractor  development  costs  were 
estimated  using  a "similar  to"  approach.  The  SEMR  complexity 
was  equated  to  the  SPS^-XX,  which  is  a shipboard  SEM  radar 
currently  in  the  proposal  stage. 

A summary  of  the  total  development  and  acquisition 
cost  is  given  in  Table  9.  Costs  are  given  for  a single  buy 
of  1900  C-130/135  systems,  265  C-141  systems  and  a combination 
buy  of  2165  systems. 
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TABLE  9.  SUMMARY  OF  SEMR  DEVELOPMENT  AND 
ACQUISITION  COSTS  ($K,  FY77) 
(BASELINE  CONFIGURATIONS:  BITE  TO 
4-6  MODULES) 


COST  ELEMENT 

C130/135 

C 141 

MIXED 

FORCE 

DEVELOPMENT 

PROJECT/PROGRAM  MANAGEMENT 

420 

420 

420 

PRODUCTION  ENGINEERING 

823 

737 

864 

BREADBOARD  AND  TEST 

191 

137 

200 

PREPRODUCTION  MODELS  (2) 

571 

475 

584 

DATA 

728 

728 

728 

QUALIFICATION  TESTS 

SYSTEM  QUALIFICATION 

560 

560 

560 

NEW  SEM  STANDARDS  (12)  , 

160 

160 

160 

SUPPORT  OF  AF  TESTS 

35 

35 

35 

TEST  SPARES  I 

57 

48  1 

58 

AF  QUALIFICATION  TESTS 

500 

500 

500 

AF  PROGRAM  MGMT  (2.5  YEARS) 

325 

325 

325 

GFE* 

0 

0 

0 

DEVELOPMENT  PHASE  TOTALS 

4,370 

4,434 

ACQUISITION 

FACTORY  TOOLING 

99 

86 

104 

FACTORY  TEST  EQUIPMENT 

889 

795 

933 

MAJOR  SYSTEM  EQUIPMENT 

193.800 

30,740 

212,170 

INSTALLATION 

19,000 

2,650 

21,650 

AF  PROGRAM  MGMT** 

411 

115 

468 

GFE* 

0 

0 

0 

ACQUISITION  PHASE  TOTALS 

214,199 

34,386 

235,325 

•STANDARD  SEMs  ASSUMED  TO  BE  GFE,  BUT  INCLUDED  IN 
MAJOR  SYSTEM  EQUIPMENT  COST  - NO  G&A  OR  FEE  APPLIED 
TO  THAT  PORTION 


••BASED  ON  AVERAGE  PRODUCTION  RATE  OF  50  SYSTEMS/MONTH 
FOR  C-130/135  AND  MIXED  FORCE  AND  22  SYSTEMS/MONTH  FOR 
CM1 
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SECTION  VI 

MAINTENANCE  CONCEPTS 


The  SEMR  cost  analysis  includes  evaluation  of  three 
maintenance  concepts,  throwaway,  base  repair,  and  deoot  repair. 
In  throwaway,  all  SEMs  (standard  and  special)  are  assumed  to 
be  discarded  upon  failure,  while  larger  boxes  and  assemblies 
are  assumed  to  be  returned  to  depot  for  repair.  In  depot  re- 
pair, only  standard  SEMs  are  assumed  to  be  discarded  upon  fail- 
ure with  special  SEMs  and  larger  units  repaired  at  the  depot. 

In  base  repair,  the  same  SEMs  and  larger  units  are  assumed  to 
be  repaired  at  the  base  or  intermediate  maintenance  level. 

Results  of  this  analysis  are  compared  in  Table  10  for 
both  SEMR  configurations  and  for  a mixed  force  over  10,  15,  and 
20-year  operational  periods.  The  costs  shown  are  logistic  sup- 
port costs  only,  since  development  and  acquisition  costs  for  any 
given  SEMR  configuration  do  not  change  with  maintenance  concept. 
These  results  show  very  little  difference  between  throwaway  and 
depot  repair  in  every  case  but  a significantly  higher  cost  for 
base  repair. 

The  large  cost  differential  for  base  repair  is  due  first 
to  the  number  of  bases  at  which  test  equipment  and  facilities 
must  be  provided  and  secondly  to  the  low  utilization  of  this 

test  equipment.  For  example,  in  the  C-130/135  case,  there  are 

1900  aircraft  at  120  bases  or  about  16  per  base.  Each  aircraft 
flies  about  38  hours  per  month,  and  SEMR  operating  hours  are 
assumed  to  be  20%  greater  than  this  or  about  45  hours  per  month. 
Using  the  predicted  SEMR  MTBF  of  204  hours  there  would  be 
approximately  0.22  failures/aircraft  per  month  or  about  3.5 
failures/base  per  month.  With  this  low  a utilization  rate,  it 
is  obviously  not  cost  effective  to  use  base  repair.  Thus,  un- 
less its  use  can  be  justified  on  the  basis  of  other  systems, 

the  base  repair  concept  for  SEMR  can  be  eliminated. 
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TABLE  10.  SUMMARY  OF  SEMR  LOGISTIC  SUPPORT  COSTS  ($K,  FY77) 
(BASELINE  CASE:  BITE  TO  4-6  MODULES) 


AIRCRAFT 

OPERATIONAL 

MAINTENANCE  CONCEPT  | 

TYPE 

LIFE  (YEARS) 

THROWAWAY 

BASE  REPAIR 

DEPOT  REPAIR 

10 

33,855 

213,257 

33,486 

C 130/135 

15 

47,173 

299,350 

46.417 

20 

60.490 

385.441 

59,345 

10 

8,890 

21,005 

9,254 

C-141 

15 

11,922 

29,963 

12,278 

20 

14,951 

38,320 

15,300 

10 

39,708 

225,463 

38,910 

Mixeo 

15 

55,411 

316,648 

53,987 

FORCE 

20 

71,111 

407,832 

69,064 

I 


The  very  small  differential  in  logistic  support  costs 
between  the  throwaway  and  depot  repair  concepts  is  not  sur- 
prising because  the  only  difference  is  the  treatment  of  special 
SEMs.  These  have  relatively  high  MTBFs,  low  cost,  and  account 
for  only  30%  of  the  SEMs  used  although  they  represent  62%  of 
the  SEM  types  in  the  radar.  As  in  most  radars,  the  more  ex- 
pensive components  of  SEMR  are  those  used  in  the  microwave,  rf, 
and  high  voltage  sections.  In  SEMR  the  logistic  support  costs 
associated  with  non-SEM  portions  of  the  radar  constitute  more 
than  60%  of  the  total. 

The  non-SEM  elements  of  SEMR  account  for  more  than  79% 
of  the  estimated  selling  price  of  the  system,  so  it  is  not 
practical  to  consider  a throwaway  concept  for  most  of  these 
components.  Also,  because  of  their  construction,  it  is  difficult 
to  repair  the  non-SEM  FLUs  on  the  aircraft.  Since  repair  of 
these  FLUs  at  base  level  maintenance  has  been  shown  to  be  much 
more  expensive  than  at  depot  level,  sparing  of  FLUs  is  cheaper 
than  sparing  modules  in  the  non-SEM  portions  of  SEMR.  However, 
the  reverse  is  true  of  the  SEM  portions.  Modules  are  easily 
tested  and  replaced  on  the  aircraft  using  no  special  base  level 
test  equipment.  These  modules  should  therefore  be  spared  at 
base  level  and  either  discarded  upon  failure  or  returned  to  the 
depot  for  repair.  An  analytic  method  for  making  the  throwaway 
vs.  repair  decision  on  individual  SEM  types  is  described  in 
Section  8. 


SECTION  VII 
BITE  VARIATIONS 


Sensitivity  of  SEMR  LCC  to  level  and  confidence  of 
BITE  is  determined  by  examining  costs  for  five  BITE  levels 
ranging  from  no  BITE  to  BITE  to  an  individual  module.  The 
effects  of  these  BITE  variations  on  logistic  support  costs 
are  summarized  in  Tables  11  through  13  for  the  three  aircraft 
types  examined.  Table  14  shows  the  effect  on  estimated 
unit  production  costs,  and  Tables  15  through  17  show  the  effect 
on  total  life  cycle  cost.  Because  it  was  not  possible  within 
the  scope  of  this  analysis  to  prepare  a complete  redesign 
for  each  BITE  variation,  these  results  were  obtained  by  estimates 
of  the  effects  on  individual  cost  elements. 

7.1  BITE  to  4 TO  6 MODULES 

The  present  SEMR  design  with  BITE  to  4 to  6 modules 
is  used  as  the  baseline  to  which  costs  for  other  BITE  variations 
are  compared.  In  all  but  the  no  BITE  case,  the  BITE  enables 
a technician  to  automatically  isolate  a fault  to  a group  of 
modules  or  an  FLU.  In  SEM  portions  of  the  radar,  the  technician 
then  identifies  the  faulty  module  by  replacing  BITE-identif ied 
SEMs  one  at  a time  until  the  fault  is  corrected.  In  non-SEM 
portions,  the  FLU  is  replaced.  Since  BITE  systems  typically 
have  a level  of  confidence  of  90  to  95%,  provision  is  made  in 
the  analysis  for  replacing  the  entire  SEM  card  cage  for  5% 
of  the  faults.  The  true  fault  is  assumed  to  be  correctly 
identified  at  the  next  higher  maintenance  level. 

7.2  NO  BITE 

In  the  no  BITE  case,  SEMs  and  boxes  used  strictly  for 
BITE  are  deleted,  but  signal  conditioning  modules  in  other 
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TABLE  11.  LOGISTIC  SUPPORT  COST  SUMMARY  FOR  SEMR  IN 
C-130/135  AIRCRAFT*  ($K,  FY77) 


•1900  AIRCRAFT  AT  120  BASES,  71,606  FLIGHT  HOURS/MONTH 


TABLE  12.  LOGISTIC  SUPPORT  COST  SUMMARY  FOR  C-141 
AIRCRAFT*  ($K,  FY77) 


MAINTENANCE 

CONCEPT 

OPERATIONAL 
LIFE  (YEARS) 

LEVEL  OF  BITE 

NO  BITE 

GROUP 

8TO10 

4 TO  6 

INDIVIDUAL 

THROW 

10 

9,26B 

10,7B7 

9,079 

8,890 

9,060 

AWAY 

15 

12,460 

14,363 

12,206 

11,922 

12,172 

20 

15,651 

17,976 

15,331 

14,951 

15,280 

BASE 

10 

22,947 

23,982 

21,794 

21,605 

21,750 

REPAIR 

15 

32,002 

30,501 

30,247  . 

29,963 

30,172 

20 

41,053 

39,017 

38,699 

38,320 

38,594 

DEPOT 

10 

9,507 

11,125 

9,444 

9,254 

9,396 

REPAIR 

15 

12,655 

14,700 

12,563 

12,278 

12,485 

20 

15,602 

18,273 

15,680 

15,300 

15,572 

•265  AIRCRAFT  AT  9 BASES,  21,426  FLIGHT  HOURS/MONTH 
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TABLE  13.  LOGISTIC  SUPPORT  COST  SUMMARY  FOR  SEMR 
IN  MIXED  FORCE*  {$K,  FY77) 


MAINTENANCE 

OPERATIONAL 

LEVEL  OF  BITE 

CONCEPT 

LIFE  (YEARS) 

NO  BITE 

GROUP 

8 TO  10 

4 TO  6 

INDIVIDUAL 

THRO'-V 

10 

40,222 

39.708 

40,036 

AWAY 

15 

56,183 

55,411 

55,898 

20 

75,808 

72,143 

71,111 

71,759 

BASE 

10 

233,189 

243,707 

225,949 

225,463 

225,673 

REPAIR 

15 

322,128 

339,501 

317,376 

316,648 

316,958 

20 

415,063 

435,296 

408,803 

407,832 

408,240 

DEPOT 

10 

41,704 

58,128 

39,396 

38,910 

39,111 

R6PA*R 

15 

57,516 

78,302 

54,718 

53,987 

54,286 

20 

76,328 

98,476 

70,040 

69.064 

69,459 

•2165  AIRCRAFT  AT  125  BASES,  93,032  FLIGHT  HOURS/MONTH 
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TABLE  14.  AVERAGE  UNIT  PRODUCTION  COST  OF  SEMR*  ($K,  FY77) 


LEVEL  OF  BITE 


AIRCRAFT  TYPE 

QUANTITY 

INDIVIDUAL 

MODULE 

4 TO  6 
MODULES 

BTO10 

MODULES 

GROUP 

NO  BITE 

C 130/135 

1900 

109 

102 

100 

100 

96 

C 141 

265 

125 

116 

114 

114 

111 

MIXED  FORCE  | 

2165 

104 

98 

96 

96 

92 

•90%  CUMULATIVE  AVERAGE  LEARNING  CURVE  ASSUMED 
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TABLE  15.  SUMMARY  OF  LCC  ESTIMATES  FOR  SEMR 
IN  C-130/135  AIRCRAFT  ($K,  FY77) 


MAINTENANCE 

OPERATIONAL 

LEVEL  OF  BITE 

CONCEPT 

LIFE  (YEARS) 

NO  BITE 

GROUP 

8 TO  10 

4 TO  6 

INDIVIDUAL 

THROW 

10 

243,867 

267,649 

248,986 

252.424 

265,949 

AWAY 

15 

257,893 

285,964 

262,485 

265,742 

279,375 

20 

271,925 

304,281 

275,984 

279,059 

292,803 

BASE 

10 

422,735 

446,020 

428,358 

431,826 

445.244 

REPAIR 

15 

509,836 

536,595 

514,617 

517,919 

631,390 

20 

596,933 

627,171 

600,875 

604,010 

617.537 

DEPOT 

10 

243,284 

267,191 

248  190 

252,055 

REPAIR 

15 

256,845 

285,074 

201,687 

264,986 

20 

270,405 

302,958 

274,785 

277,914 

TABLE  16.  SUMMARY  OF  LCC  ESTIMATES  FOR  SEMR 
IN  C-141  AIRCRAFT  ($K,  FY77) 


MAINTENANCE 

OPERATIONAL 

LEVEL  OF  BITE 

CONCEPT 

LIFE  (YEARS) 

NO  BITE 

GROUP 

8 TO  10 

4 TO  6 

INDIVIDUAL 

THROW 

10 

46,454 

48,768 

47,060 

47,401 

49,956 

AWAY 

15 

49,646 

52,364 

50,187 

50,433 

53,068 

20 

52,837 

55,957 

53,312 

53,462 

56,176 

BASE 

10 

60,133 

59,963 

59.775 

62,646 

REPAIR 

15 

69,188 

68,482 

68,228 

71,068 

20 

78,239 

76,998 

76,680 

79,490 

DEPOT 

■■ 

46,693 

49,106 

47,425 

47,765 

50,292 

REPAIR 

49,841 

52,681 

50,544 

50,789 

53,381 

20 

52,988 

56,254 

53,661 

53,811 

56,468 

MAINTENANCE 

OPERATIONAL 

LEVEL  OF  BITE 

CONCEPT 

LIFE  (YEARS) 

NO  BITE 

GROUP 

8 TO  10 

4 TO  6 

INDIVIDUAL 

THROW 

10 

270,522 

294,462 

275,651 

279.467 

292,785 

AWAY 

15 

287,060 

315,316 

291,612 

295,170 

308,647 

20 

302,577 

336,169 

307,572 

310,870 

324.508 

BASE 

REPAIR 

10 

459,958 

479,136 

461,378 

465,222 

478,422 

15 

548,897 

574,930 

552,805 

556.407 

569,707 

20 

641,832 

670,725 

644,232 

647,591 

660,989 

DEPOT 

10 

268,473 

293,557 

274,825 

278,609 

291,660 

REPAIR 

15 

284.285 

313,731 

290,147 

293,746 

307,035 

20 

300,097 

333,905 

305,469 

308.823 

322  208 

radar  functional  areas  are  left  intact.  This  permits  accom- 
plishment of  equivalent  tests  using  external  test  equipment. 

This  equipment  is  estimated  to  be  equal  in  complexity  to  the 
BITE  subsystem  but  more  costly.  In  use,  the  maintenance  tech- 
nician would  connect  the  test  equipment  to  the  radar  on  the 
flight  line  and  run  a set  of  tests  that  are  comparable  to  the 
BITE  tests  to  isolate  to  4 to  6 SEMs.  He  would  then  identify  the 
faulty  module  by  replacement.  The  maintenance  concept  is  thus 
similar  to  the  baseline  case,  but  the  test  equipment  is  non- 
resident in  the  radar  rather  than  being  integral.  Labor 
hours  are  increased  to  account  for  additional  operations 
required. 

Comparison  of  logistics  support  cost  results  for 
the  no  BITE  case  show  that  this  is  slightly  more  expensive 
than  the  baseline  case.  No  BITE  does  result  in  slightly 
lower  life  cycle  cost  because  the  savings  in  unit  acquisition 
cost  more  than  offset  the  additional  cost  of  test  equipment 
per  base.  However,  the  differential  is  less  than  the  accuracy 
of  the  model  and  is  therefore  inconclusive. 

7.3  BITE  TO  FLU  OR  GROUP 

The  next  case  examined  is  that  of  a BITE  subsystem 
which  isolates  only  to  a group  or  FLU.  This  would  be  removed 
and  tested  as  an  integral  unit  to  fault  isolate  to  a module. 

A separate  set  of  test  equipment  and  labor  is  required  for 
testing  as  compared  to  the  baseline  case  of  BITE  to  4 to  6 
modules.  However,  the  BITE  subsystem  is  simplified. 

Comparison  of  the  logistic  support  cost  results  shows 
that  group  BITE  is  more  expensive  than  the  baseline.  Life 
cycle  cost  is  also  generally  greater.  However,  the  amount  of 
the  differential  is  not  great  enough  to  definitely  eliminate 
this  concept. 
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7.4 


BITE  TO  8 TO  10  MODULES 


For  BITE  to  8 to  10  modules  the  BITE  subsystem  is  more 
complex  than  for  group  BITE  but  simpler  than  for  BITE  4 to  6 
modules.  The  number  of  test  points  sampled  and  the  length  of 
the  program  is  decreased  compared  to  BITE  4 to  6 modules , but 
the  labor  for  module  substitution  to  identify  the  faulty  module 
is  increased.  Results  show  that  logistic  support  costs  are 
increased  slightly,  while  total  cost  is  decreased  slightly. 
However,  the  differences  are  not  large  enough  to  be  considered 
significant . 

7.5  BITE  TO  AN  INDIVIDUAL  MODULE 

For  BITE  to  the  individual  module  the  number  of  test 
points,  length  of  program  and  signal  conditioning  are  increased 
by  an  approximate  ratio  of  4:1.  However,  the  labor  for  module 
substitution  is  decreased.  Comparison  of  results  for  individual 
module  BITE  versus  BITE  to  4 to  6 modules  shows  a small  increase 
in  logistics  support  cost.  This  occurs  because  the  savings  in 
labor  of  fault  isolation  are  outweighed  by  the  increase  in 
failure  rates  and  associated  costs  due  to  the  additional  hard- 
ware. Life  cycle  costs  for  individual  module  BITE  versus 
BITE  4 to  6 modules  are  also  higher.  The  increase  in  cost 
here  is  primarly  due  to  the  additional  BITE  hardware  which  is 
not  offset  by  a savings  in  logistics  support  costs.  Again  it 
should  be  noted  that  the  cost  differences  are  small. 

7 . 6 SUMMARY 

The  BITE  cases  examined  do  not  show  any  large  differ- 
ences, except  for  the  group  BITE  case  in  which  an  additional 
test  and  repair  level  for  groups  or  FLUs  results  in  somewhat 
higher  logistics  support  costs.  The  no  BITE  case  is  similar 
to  the  BITE  to  4 to  6 modules  because  it  is  assumed  that  the 
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testability  of  the  radar  is  the  same  as  for  the  baseline  BITE 
system  and  that  test  equipment  similar  to  that  BITE  system 
is  used  to  perform  the  same  testing. 

If  the  radar  is  not  designed  to  permit  this  maintenance 
approach,  the  repair  method  would  be  similar  to  that  for  group 
BITE,  and  costs  would  probably  be  higher  than  for  the  group 
BITE  case.  The  data  indicate  that  the  most  important  factor 
is  to  design  the  system  with  built-in  test  points.  The 
automatic  fault  isolation  level  chosen  does  not  appear  to  be 
significant  and  indicates  the  range  of  4 to  10  modules  may 
be  adequate. 


SECTION  VIII 

MINIMUM  LIFE  CYCLE  COST 


In  the  baseline  LSC  Model  runs,  it  is  assumed  that  stan- 
dard modules  are  always  thrown  away  upon  failure  and  that  handling 
of  special  modules  varies  with  the  maintenance  concept  being  ex- 
amined, i.e.,  thrown  away,  repaired  at  the  base,  or  repaired  at 
the  depot.  This  is  in  accordance  with  the  support  philosophy 
adopted  by  the  Navy  Standard  Electronic  Module  Program  (SEMP). 
Because  it  is  not  clear  that  any  of  the  maintenance  concepts  ex- 
amined yields  minimum  logistic  support  costs,  a separate  analysis 
was  performed  to  determine  the  breakeven  unit  cost  for  throwaway 
vs.  repair  of  SEMs  used  in  SEMR. 

LSC  Model  equations  and  SEMR  input  data  were  used  to  de- 
termine breakeven  repair  costs  for  individual  SEM  types  under 
the  same  conditions  as  the  baseline  computer  runs.  Four  of  the 
94  SEM  types  used  in  SEMR  were  found  to  have  an  average  unit  de- 
pot repair  cost  less  than  their  replacement  value.  This  indi- 
cated that  the  most  economical  repair  concept  would  be  to  repair 
these  and  only  these  SEM  types  at  the  depot.  LSC  Model  runs  for 
this  concept  were  then  made  to  determine  the  amount  of  savings 
obtained,  if  this  were  done. 

8.1  CONCLUSIONS 

The  curves  shown  in  Figures  12  and  13  are  based  on 
weighted  average  SEM  data  and  were  used  to  determine  which  of  the 
94  SEM  types  used  in  SEMR  should  be  examined  more  closely. 

Table  18  presents  specific  calculations  of  the  breakeven  cost 
for  seven  SEM  types  identified  by  the  curve  screening  process. 
Actual  life  cycle  cost  savings  afforded  by  repairing  only  these 
selected  SEM  types  were  then  determined  by  computer  cost  runs 
with  results  shown  in  Table  19.  Principal  conclusions  cf  the 
analysis  are: 
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TOTAL  FAILURES  PER  MILLION  FLIGHT  HOURS 

• STANDARD  SEM 


Figure  12.  Optimum  throwaway  costs  for  SEMR  SEMs 
depot  repair  - mixed  force. 


UNIT 


20YEAR' 

LIFE 


20-YEAR' 

LIFE 


REPAIR  MORE 
ECONOMICAL 


,10  YEAR 
LIFE 


THROWAWAY  MORE 
ECONOMICAL 


•STANDARD  SEM 


TOTAL  FAILURES  PER  MILLION  FLIGHT  HOURS 


Figure  13.  Optimum  throwaway  costs  for  SEMR  SEMs 
depot  repair  - C-130/135  and  C-141. 
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TABLE  18 


1 


i 

1 


MAXIMUM  THROWAWAY  COST  FOR  SELECT  SEMs^ 


SEM 

TYPE 

UNIT 

COST 

MIXED  FORCE 

C 130/135 

C-141 

10  YEARS 

20  YEARS 

10  YEARS 

20  YEARS 

10  YEARS 

20  YEARS 

FAQ 

S152 

$197 

$153 

$262 

$194 

$810 

S617 

KDE 

448 

[323] 

[Ml 

ESI 

1415 

1089 

MUM 

236 

rrm 

Die] 

nesi 

fT24l 

565 

421 

NQD 

145 

193 

147 

242 

182 

877 

653 

RRM 

86 

121 

94 

154 

117 

482 

360 

TPT^ 

356 

371 

f75TI 

480 

363 

1567 

1178 

UFZ^ 

414 

[m 

EZD 

456 

1347] 

1490 

1130 

1.  REPAIR  IS  MORE  ECONOMICAL  FOR  ANY  CASE  IN  WHICH  THE  MAXIMUM 
THROWAWAY  COST  SHOWN  IS  LESS  THAN  THE  ESTIMATED  UNIT  COST.  ALL 
SEMs  HAVING  AN  ESTIMATED  UNIT  COST  LESS  THAN  10%  BELOW  THE  CAL- 
CULATED MAXIMUM  ARE  INCLUDED  FOR  COMPLETENESS. 

2.  MAXIMUM  THROWAWAY  COST  FOR  TYPE  TPT  SEM  IN  MIXED  FORCE 
OVER  15  YEAR  LIFE  IS  $312. 

3.  MAXIMUM  THROWAWAY  COST  FOR  TYPE  UFZ  SEM  IN  C-130/135  OVER 
15  YEAR  LIFE  IS  $383. 


TABLE  19.  SUMMARY  OF  SEMR  LOGISTIC  SUPPORT  COSTS  ($K,  FY  77) 
(BASELINE  CASE:  BITE  TO  4-6  MODULES) 


AIRCRAFT 

OPERATIONAL 

MAINTENANCE  CONCEPT 

TYPE 

LIFE  (YEARS) 

THROWAWAY 

BASE  REPAIR 

DEPOT  REPAIR 

MIN  COST 

10 

33,855 

213,257 

33,486 

33,413 

c-130/135 

15 

47,173 

299,350 

46,417 

46.276 

20 

60,490 

385,442 

59,345 

59,297 

10 

21,605 

9,254 

• 

C-141 

1 5 

29,963 

12,278 

• 

20 

38.320 

MIXED 

10 

39,708 

225,463 

38,910 

38.638 

FORCE 

15 

55.411 

316,648 

53,987 

53.769 

20 

71,111 

407,832 

69,064 

69.048 

•THROWAWAY  IS  LEAST  COSTLY  MAINTENANCE  CONCEPT  FOR  C141  CONFIGURATION. 


a.  Maximum  throwaway  cost  is  a function  of  total  fail- 
ures which  is  determined  by  number  of  a given  type 
SEM  used.  This  plus  other  system-peculiar  inputs  to 
the  cost  model  make  calculated  throwaway  cost  highly 
sensitive  to  the  particular  system  being  analyzed. 
This  is  shown  by  the  differences  in  calculated  throw- 
away costs  for  the  three  SEMR  cases  analyzed,  i.e., 
C-130/135,  C-141,  and  mixed  force. 

b.  Costs  associated  with  establishing  base  repair 
facilities  are  so  great  that  base  repair  of  SEMs  is 
never  more  economical  than  throwaway  for  any  SEM 
used  in  SEMR. 

c.  For  the  C-141  case  total  failures  are  small  enough 
(due  to  combination  of  relatively  high  reliability 
and  small  number  of  total  flight  hours)  that  savings 
afforded  by  repair  do  not  offset  the  cost  of  estab- 
lishing even  a single  depot  repair  facility.  This 
holds  even  though  the  support  equipment  was  assumed 
to  be  already  in  place. 

d.  Results  for  C-130/135  and  mixed  force  cases  are 
nearly  the  same  because  the  C-130/135  version  of 
SEMR  dominates  the  mixed  force  (1900  of  2165  total 
aircraft  and  77%  of  total  flight  hours). 

e.  Two  SEM  types  (KDE  and  MUM)  are  more  economical  to 
repair  over  all  life  cycles  in  either  the  C-130/135 
or  mixed  force  case.  Type  UFZ  is  more  economical 
to  repair  over  all  life  cycles  in  the  mixed  force 
case  but  only  over  15  or  20-year  cycles  in  the  C-130/ 
135.  Type  TPT  is  more  economical  to  repair  over  15 
or  20-year  life  cycles  in  the  mixed  force  case  but 
should  be  thrown  away  for  all  life  cycles  in  the 
C-130/135  case  (see  Table  18) . 
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f.  Only  three  other  SEM  types  (FAQ,  NQD,  and  RRM)  have 
an  estimated  unit  cost  within  10%  of  the  computed 
maximum  throwaway  cost  for  any  case. 

g.  Of  the  seven  SEM  types  listed  in  Table  18  only  MUM 
is  a standard  SEM. 

h.  The  savings  for  the  minimum  cost  case  over  either 
throwaway  or  depot  repair  are  less  than  1%  in  all 
cases.  This  is  less  than  the  expected  accuracy  of 
the  estimate  and  is  therefore  considered  insignifi- 
cant. 

8.2  ANALYSIS  PROCEDURE 

The  analysis  is  based  on  the  AFLC  Logistic  Support  Cost 
Model  which  consists  of  eight  basic  equations  for  electronics 
systems.  These  have  been  broken  out  into  two  or  three  sub- 
equations each  to  isolate  21  separate  cost  elements  for  the  SEMR 
Cost  Analysis  Program.  These  equations  and  definitions  of  the 
variables  used  are  presented  in  Appendices  B and  C.  Input  values 
used  for  this  analysis  are  tabulated  in  Tables  20  and  21.  These 
are  identical  to  the  inputs  used  for  the  baseline  computer  runs. 
Note  in  Table  21  that  some  inputs  change  as  a function  of  the 
repair  concept. 

Substitution  of  these  inputs  into  the  21  subequations 
for  the  three  repair  concepts  (throwaway,  base  repair,  and  depot 
repair)  and  combining  the  results  yields  the  two  sets  of  equa- 
tions shown  in  Table  22.  Variables  retained  in  symbolic  form 
in  these  equations  are  those  which  are  functions  of  operational 
life,  aircraft  type,  or  the  SEM  itself.  Substitution  of  correct 
values  for  all  but  the  SEM-dependent  variables  and  combining 
gives  the  resultant  equations  shown  in  Table  23.  Similar  sets 
were  derived  for  15  and  20-year  life  cycles  but  are  not  included 
herein. 


TABLE  20 


INPUT  CONSTANT  VALUES 


CONSTANT 

* 

VALUE 

CONSTANT* 

VALUE 

BAA 

168. 

PA 

0- 

BCA 

0. 

PAMH 

0.3 

BLR 

14.11 

pffh’ 

9.3  X 10^ 

BMR 

3.48 

PFFH^ 

7.16  X lo'* 

BPA 

0. 

PFFH^ 

2.14  X 10^ 

BRCT 

0.13 

PMB 

1.5  X 10^ 

DAA 

168. 

PMD 

1.5  X 10^ 

DCA 

0. 

PSC 

0.64 

DLR 

19.55 

PSO 

1.32 

DMR 

5.66 

RIP 

0. 

DOWN 

0.05 

RMC 

112.85 

DPA 

0. 

RMH 

1.0 

DRCT 

1.84 

SA 

39.63 

EBO 

0.1 

SMH 

0. 

FB 

0. 

SMI 

oo 

FD 

0. 

SR 

0.25 

FLA 

0. 

STK. 

0. 

IMC 

50.47 

TCB 

8.0  X 10^ 

125. 

TCD 

8.0  X 10^ 

120. 

TO 

238.26 

9. 

TE 

0. 

MRF 

0.24 

tffh’ 

1.12  X 10^ 

MRO 

0.08 

TFFH^ 

8.59  X 10® 

os’ 

0.24 

TFFH^ 

2.57  X 10® 

OS^ 

0.27 

TR 

0.16 

OS^ 

0. 

TRB 

0.33 

OSTCON 

0.36 

TRD 

0.15 

OSTOS 

0.53 

UF 

1.2 

■ Notes : 

1. 

Values 

for  mixed  force 

analysis 

2. 

Values 

for  C-130/135  Analysis 

3. 

Va 1 ues 

for  C-141  analysis 

4. 

TFFH  values  are  for  10 

-year  life,  for 

15  or  20-year  life  cycles  multiply  by 

1 . 5 or 

2.0,  respectively. 

*Seo  Appendix  B for 

definitions 

TABLE  21.  input  VARIABLE  VALUES 


variable* 

THROWAWAY 

BASE  REPAIR 

DEPOT  REPAIR 

BCMH 

0. 

0.1 

0. 

BMH 

0. 

0.5 

0. 

BUR 

0. 

1 .0 

0. 

CAB 

0. 

1 .5  X 10^ 

0. 

CAD 

0. 

0. 

LO 

O 

X 

o 

COB 

0. 

0.1 

0. 

COD 

0. 

0. 

0.1 

COND 

1 . 

0. 

0. 

CS 

0. 

5.0  X 10^ 

5.0  X 10^ 

DMH 

0. 

0. 

0.5 

DUR 

0. 

0. 

0.5 

H 

0. 

0. 

3. 

0. 

6.25  X 10^ 

5.0  X 10^ 

Ih2 

0. 

6.0  X 10^ 

5.0  X 10^ 

0. 

4.5  X 10^ 

cn 

o 

X 

o 

ro 

JJ 

0. 

3. 

0. 

NRTS 

0. 

0. 

1 . 

RTS 

0. 

1 . 

0. 

Notes  : 1 . 

Values  for 

mixed  force  analysis 

2.  Values  for  C-130/135  analysis 

3.  Values  for  C-141  analysis 


*See  Appendix  B for  definitions 
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TABLE  22.  COST  ELEMENT  EQUATIONS 


BASE  REPAIR  VS  THROWAWAY 


-(TFFH)(F/H)(UC) 


(TFFH)(F/H)[10.2+(BMC)(UC)] 


-jTFFH)(F/H)[0. 


a64{l-0SJ+1.78EQS)] 


[50.47+n?.85(PIUP)](PP) 

39.63(H)(PIUP)(PP+SP) 

[3.76xl0'^(PFFH)(F/H)]*[l+0.1  (PIUP)] 
xl .5x10^ 


DEPOT  REPAIR  VS  THROWAWAY 
0 

I.84(PFFH)(F/H)(UC) 

-(TFFH)(F/H)(UC) 


(TFFH)(F/H)[12.6+(DMC)(UC)] 

+|TFFH) (F/H) [0.864(1 -OS )♦! .76(0S)] 

[50.47+1 12. 85(PIUP)](PP) 


[6.27xlO''’(PFFH)  {F/H)]**[1+0.1(PIUP)] 
xlxlO^ 


10.1 3ri+0.33(PIUP-l 1 


{TFFH)(F/H) 


2.667ri+0. 1 5(P1UP-1) 


(TFFH) (F/H) 


•Must  be  integer 
••Must  be  integer 


divisible  by  M 
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TABLE  23,  RESULTANT  EQUATIONS  FOR  PIUP*  = 10 


1.  Base  Repair  vs  Throwaway 

a.  Mixed  Force 

1 .12x10^ (BMC- 1){F/H)(UC ) + [l .59x10®-! .21 xlO^Cw)]CF/H) 

+ 1 .18xl0®(PP)  + 4,95X10'^(PP  + SP)  + 3. 76x10^  = 0 

b.  C-130/135 

8.59x1 0® (BMC- 1 ) (F/H ) (UC)+[1 .22x1 0®-9. 53x10® (w)](F/H) 

•+1 .18xlO®(PP)+4.75xlO^(PP+SP)  + 3. 61x10^  = 0 

c.  C-141 

2. 57x10® (BMC- l)(F/H)(UC)+[3. 65x10^-2. 22x1 0®(w)]{F/H) 

+1 .18xl0®(PP)+3.56X10®(PP+SP)+2. 71x10®  = 0 

2.  Depot  Repair  vs  Throwaway 

a.  Mixed  Force 

[1 .12xlO^(DMC-l ) + l .71xl0®](F/H) (UC)  + [1 .48x10®+! .21x10^ (w)] 
x(F/H)+l .18xlO®(PP)+2. 06x10®  = 0 

b.  C-130/135 

[8.59xlO®(DMC-l)+l .32x1 0®](F/H) (UC)+[1 .13x1 0®+9. 53x10® (w)] 
x(F/H)+l  .18xlO®(PP)  + 2. 06x10®  = 0 

c.  C-141 

[2.57xl0®(DMC-l )+3. 93x1 0^](F/H)(UC )+[3. 4x1 0^+2. 22x10® (w)] 
x(F/H)+l,18xl0®(PP)+2. 06x10®  = 0 

*PIUP  = Program  Inventory  Usage  Period  (i.e.  oper- 
ational life) 
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Table  24  presents  the  SEM-dependent  data  for  all  SEM 
types  used  in  SEMR,  and  Table  25  gives  weighted  average  values 
for  the  variables  used  in  the  equations  of  Table  23.  Figures 
12  and  13  present  curves  showing  the  breakeven  (throwaway  vs. 
repair)  SEM  unit  cost  as  a function  of  total  failures  per  million 
flight  hours  for  SEMs  used  in  SEMR.  Only  the  depot  repair 
option  is  shown  because  base  repair  was  found  to  be  uneconomical 
in  all  cases.  All  but  the  seven  SEMR  SEMs  shown  are  clearly  on 
the  throwaway  side  of  these  curves.  Since  these  curves  are 
based  on  average  SEM  data,  computations  using  individual  SEM 
data  were  made  for  each  of  these  seven  types.  This  produced  the 
results  shown  in  Table  18. 

8.3  LSC  MODEL  RUNS 

Six  LSC  Model  runs  were  made  to  determine  the  amount  of 
LCC  savings  obtained  by  repairing  only  selected  SEMs,  Specific 
SEMs  assumed  to  be  repaired  for  each  of  these  six  cases  are 
shown  in  Table  26.  These  and  all  non-SEM  repairs  were  assumed 
to  be  performed  at  the  depot  with  all  other  SEMs  discarded 
upon  failure.  Results  for  these  cases  are  presented  in  Table  19 
together  with  those  for  the  baseline  cases. 

Although  a small  savings  is  indicated  in  each  case,  the 
amount  is  so  small  (less  than  1%)  in  relation  to  the  expected 
accuracy  of  the  estimate  that  it  must  be  considered  insignificant. 
Comparison  of  throwaway  vs.  depot  repair*  for  the  baseline  cases 
shows  similar  results  (i.e.,  savings  less  than  4%  in  all  cases). 
Thus,  the  only  conclusion  that  can  be  made  on  the  basis  of  these 
results  is  that  base  repair  is  significantly  more  costly  than 
any  of  the  other  maintenance  concepts  considered. 


*In  the  depot  repair  concept  standard  modules  are  assumed  to  be 
discarded  upon  failure  and  special  modules  are  returned  to  depot 
for  repair. 


68 


TABLE  24.  SEM  COST  AND  FAILURE  RATE  DATA 


KEY 

COUE 

TYPE 

SIZE 

1 

w 

QPA^ 

AL3L 

STD 

lA 

0.1 

15/14 

AEA 

SPEC 

lA 

0.1 

1 

AEC 

SPEC 

lA 

0.1 

3 

AEH 

NS 

lA 

0.1 

4 

AFU 

SPEC 

lA 

0. 1 

1 

6BA 

STD 

lA 

c.l 

1 

BUL 

STD 

lA 

0.1 

14 

BED 

STD 

lA 

0 1 

2 

CDJ 

SPEC 

IB 

0.2 

2 

CEU 

SPEC 

U 

0.1 

3 

CFF 

SPEC 

lA 

0.1 

1 

CFG 

SPEC 

IB 

0.2 

1 

CGK 

SPEC 

IB 

0.2 

1 

CGL 

NS 

IB 

0.2 

6 

CMH 

STD 

lA 

0.1 

14 

DPR 

SPEC 

IG 

0.7 

3 

D2F 

SPEC 

lA 

0.1 

1 

D2G 

SPEC 

lA 

0.1 

1 

EAB 

SPEC 

lA 

0.1 

1 

EEC 

SPEC 

lA 

0 1 

1 

EGA 

NS 

lA 

0 1 

4 

EHP 

SPEC 

lA 

0.1 

1 

EHR 

SPEC 

lA 

0,1 

1 

EPM 

SPEC 

1B 

0.2 

3 

FAQ 

NS 

1B 

0.2 

5 

FAR 

NS 

1B 

0.2 

4 

FEG 

SPEC 

IB 

0.2 

3 

feh 

SPEC 

lA 

0,1 

1 

FFE 

NS 

1C 

0 3 

12 

FHA 

STU 

U 

0.1 

7 

GAE 

NS 

IB 

0.2 

5 

GAF 

SPEC 

1C 

0.3 

3 

GBD 

SPEC 

lA 

0.1 

3/2 

GUJ 

STU 

lA 

0.1 

10/8 

GDM 

STD 

lA 

0.1 

2/1 

GDN 

STD 

lA 

0.1 

1 

GEE 

STD 

lA 

0.1 

2 

GVQ 

STD 

lA 

0.1 

2 

GZB 

SPEC 

lA 

0.1 

2 

HRH 

STD 

lA 

0 1 

1 

JOB 

STD 

lA 

0.1 

4 

KCE 

SPEC 

2B 

0.4 

1 

KDQ 

STD 

lA 

0.1 

7/5 

KOR 

STU 

lA 

0.1 

8/7 

KLQ 

SPEC 

IG 

0.7 

1 

LDN 

STD 

lA 

0.1 

1 

LDQ 

STD 

lA 

0,1 

14 

MUM 

STD 

lA 

0.1 

21/19 

NQD 

NS 

lA 

0.1 

17/15 

PFB 

NS 

1C 

0.3 

1 1 

PQD 

SPEC 

lA 

Q.l 

2 

RAD 

SPEC 

lA 

0.  1 

1 

RBA 

SPEC 

IB 

0.2 

3 

RBB 

SPEC 

lA 

0 1 

1 

RBF 

STD 

lA 

0.1 

12 

>10'^} 

F/H^ 

UC^ 

PP/SP^ 

0.60 

10.63 

60. 

. 

- 

4.50 

5.40 

92, 

0.01 

16 

3.71 

13.36 

73. 

0.01 

20 

15.00 

72.00 

1 36. 

* * 

** 

1.51 

1.81 

145. 

0.02 

8 

2.15 

2.58 

75. 

* 

- 

2.32 

38.98 

47. 

* 

* 

4.50 

10.80 

124. 

* 

* 

3.35 

8,04 

112. 

0.01 

/ 

9.47 

34.09 

123. 

0.02 

1 3 

7.80 

9 36 

105. 

0.02 

1 1 

7.14 

8.57 

142, 

0.01 

27 

5.22 

6.26 

144. 

0.02 

17 

6 .20 

44.64 

158. 

* * 

* * 

1 .02 

17.14 

41  . 

* 

* 

5.28 

19.01 

322  . 

0.01 

22 

7.58 

9.10 

124. 

0.04 

4 

7.58 

9.10 

124. 

0.04 

4 

0.52 

0.62 

76. 

0.03 

2 

1.20 

1 .44 

87. 

0.02 

6 

0.6Q 

2.88 

Ill  . 

** 

** 

2.80 

3.36 

78. 

0.01 

17 

3.56 

4.27 

100. 

0.02 

1 3 

20.39 

73.40 

no. 

0.04 

3 

18.73 

112.38 

152. 

* * 

** 

9.51 

45.65 

129. 

** 

** 

9.06 

32.62 

143. 

0 01 

19 

2.23 

2 68 

89  . 

0.02 

14 

5.23 

75.31 

180. 

** 

** 

2.35 

19.74 

198. 

•fc 

* 

1.22 

7.32 

91  . 

** 

* * 

6 69 

24.08 

169. 

0.01 

14 

2.31 

7.68 

84. 

0.01 

14 

2.61 

29.88 

52. 

* 

* 

2.58 

5 48 

129  . 

* 

* 

2.39 

2.87 

45. 

* 

* 

3.63 

8.71 

146 

* 

* 

0.71 

1 . 70 

55. 

* 

* 

2.29 

5.50 

87. 

0.03 

4 

23  20 

27.84 

350. 

* 

* 

2,71 

13.01 

52. 

* 

* 

55.49 

66.59 

448. 

0.01 

47 

3.50 

27.47 

73. 

* 

* 

2.04 

19.02 

33. 

* 

* 

4.24 

5.09 

177. 

0.01 

11 

1.53 

1 , 84 

29. 

* 

* 

1 .80 

30.24 

31  . 

* 

* 

6.60 

162  68 

236  . 

* 

* 

5.50 

109.16 

145. 

*• 

** 

5.71 

75.37 

165. 

* * 

* * 

3.28 

7.8? 

100. 

0.04 

6 

8.80 

10.56 

77. 

0.02 

7 

6.36 

22.90 

161. 

0.01 

28 

2.77 

3.32 

84. 

0.01 

22 

1 .21 

17.42 

95 

* 

* 

- J 
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TABLE  24.  SEM  COST  AND  FAILURE  RATE  DATA  (CONTINUED) 


KEY 

CODE 

TYPE 

SIZE 

w' 

QPA^ 

'(xlO-h 

F/H^ 

UC^ 

BMC/UHC^ 

PP/SP^ 

KEC 

NS 

lA 

0.1 

6 

5.25 

37.80 

127. 

* * 

•• 

KRM 

SPEC 

lA 

0.1 

15 

10.22 

183.96 

86. 

0.04 

5 

SHU 

STU 

lA 

0.1 

2/1 

4.64 

9.86 

310. 

* 

* 

SHV 

STD 

lA 

0.1 

2/1 

7.44 

15.80 

340. 

• 

* 

SHX 

STD 

IB 

0.2 

2/1 

7.44 

15.80 

380. 

* 

« 

SHY 

STD 

lA 

0.1 

2/1 

6.00 

13.5;- 

370. 

• 

* 

sgs 

SPEC 

lA 

0.1 

1 

3.19 

3.83 

151  . 

0.04 

8 

TEZ 

SPEC 

IB 

0.2 

2 

21.43 

51  .43 

207. 

O.OI 

21 

TPT 

SPEC 

2G 

1 .4 

2 

23.21 

55.70 

356. 

0.01 

18 

UET 

SPEC 

IB 

0.2 

1 

1.30 

1.56 

137. 

0,01 

5 

UF5 

SPEC 

lA 

0.1 

2 

7.31 

17.54 

121  . 

0.02 

16 

UFZ 

SPEC 

2B 

0.4 

1 

50.13 

60.16 

414. 

0.01 

28 

UGW 

NS 

lA 

0.1 

4 

4.87 

23.38 

105. 

* • 

*♦ 

UMU 

NS 

lA 

0.1 

4 

4.36 

20.93 

169. 

VtJS 

SPEC 

IB 

0.2 

1 

5,87 

7.04 

132. 

0.01 

15 

VEW 

SPEC 

lA 

0.1 

2 

3.33 

7.99 

112. 

0.02 

1 1 

VFT 

SPEC 

lA 

0.1 

1 

4.98 

5.98 

84, 

0.01 

18 

VHU 

SPEC 

IB 

0.2 

1 

2.42 

2.90 

234 

O.Cl 

12 

VOX 

SPEC 

lA 

0.1 

1 

0,77 

0 92 

75. 

0.01 

10 

VLY 

SPEC 

lA 

0.1 

1 

1.42 

1.70 

81  . 

0 02 

10 

WET 

SPEC 

lA 

0.1 

1 

6.21 

7.45 

74, 

0.02 

7 

WHV 

SPEC 

2B 

0.4 

1 

42.37 

50.84 

300  . 

0.01 

44 

WHW 

SPEC 

lA 

0.1 

1 

6.18 

7.42 

93. 

0.02 

9 

WKX 

SPEC 

lA 

0.1 

1/0 

2.91 

2.69 

83. 

0,01 

3 

WRU 

SPEC 

IB 

0 2 

1 

2.41 

2.89 

155. 

0.03 

4 

WSY 

SPEC 

IB 

0.2 

2 

4.41 

10.58 

126. 

0.02 

4 

WXZ 

SPEC 

IB 

0.2 

1 

10.48 

12.58 

140. 

0.01 

14 

XEV 

SPEC 

lA 

0.1 

1 

0.56 

0.67 

68. 

0.01 

4 

XFW 

SPEC 

lA 

0.1 

1 

0.89 

1.07 

99, 

0.01 

14 

XJX 

SPEC 

lA 

0.1 

1 

9,64 

11.57 

64. 

0.01 

7 

XKY 

SPEC 

lA 

0.1 

1 

1.89 

2 27 

75. 

0.01 

8 

XPU 

SPEC 

2G 

1 .4 

1 

29.76 

35.71 

353. 

0 01 

12 

XYS 

SPEC 

lA 

0.1 

2 

10.69 

25.66 

160. 

0.05 

5 

YBZ 

STD 

lA 

0.1 

8 

2.29 

21  .98 

94. 

* 

♦ 

YEW 

SPEC 

lA 

0.1 

1 

6.93 

8.32 

69. 

0.01 

7 

YPZ 

SPEC 

ID 

0.4 

1 

16.61 

19.93 

195. 

0.01 

22 

ZBW 

SPEC 

lA 

0,1 

2/1 

2.77 

5.88 

113. 

0.06 

4 

9206 

SPEC 

1C 

0.3 

2/1 

1.28 

2.72 

250  . 

0.03 

5 

U2X 

SPEC 

lA 

0.1 

2/0 

33.59 

62.07 

*17. 

0.04 

5 

Notes  : 

1.  Weight  in  pounds  of  a single  SEM 

2.  Number  of  SEMs  per  system.  (x/x  notation  indicates  quantities  used  in  C-130/135  and 

C-141  versions,  respectively,  single  number  indicates  same  quantity  used  in  both  versions.) 

3.  Predicted  number  of  failures  per  million  operating  hours  for  a single  SEM. 

4.  F/H  = 1.2  X (QPA),  where  1,2  is  assumed  ratio  of  operating  hours  to  flight  hours.  Values 

shown  are  for  mixed  force  case  with  QPA  weighted  in  accordance  with  number  of  aircraft  of 

each  type  in  force, 

5.  Unit  cost  in  dollars. 

6.  Average  material  cost  per  repair  expressed  as  fraction  of  unit  cost. 

7.  Number  of  unique  parts  per  SEM  to  be  stocked  for  repair. 

•Standard  SEM  (not  repaired  and  component  parts  not  stocked). 

•♦Assumed  new  standard  SEM  qualified  during  SEMR  development  and  treated  in  same  manner  as 
existing  standard. 
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TABLE  25.  AVERAGE  VALUES  FOR  SEM  INPUT  VARIABLES' 


Variable 


Mixed  Force 


BMC 

0.0221 

DMC 

0.0221 

pp2 

7.25 

SP 

14.5 

w 

0.208 

C-130/135  C-141 

0.0222  0.0216 

0.0222  0.0216 

7.3  6.9 

14.6  13.8 

0.207  0.212 


Notes:  1.  Only  special  SEMs  included.  Value  weighted 

in  accordance  with  quantities  used  and  in 
mixed  force  case  in  accordance  with  number 
of  aircraft  of  each  type. 

2.  50%  of  SEM  components  assumed  to  be  already 

in  government  supply  system. 


TABLE  26.  SEM  TYPES  ASSUMED  TO  BE  REPAIRED 
IN  MINIMUM  COST  CASES 


AIRCRAFT 

OPERATIONAL  LIFE 

TYPE 

10  YEARS 

15  YEARS 

20  YEARS 

KDE 

KDE 

KDE 

c-130/135 

MUM 

MUM 

MUM 

UFZ 

UFZ 

KDE 

KDE 

KDE 

MIXED 

MUM 

MUM 

MUM 

FORCE 

UFZ 

UFZ 

UFZ 

TPT 

TPT 

1 
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8.4  GENERALIZATION  OF  RESULTS  j 

A prime  objective  of  the  minimum  cost  analysis  was  to  ! 

determine  whether  a simple  "rule-of-thumb"  could  be  formulated 
for  use  in  making  throwaway  vs,  repair  decisions  for  individual 
SEM  types.  However,  the  results  show  that  this  is  not  possible. 

Still,  the  fact  that  the  savings  obtained  by  repairing  selected 
SEM  types  (vs.  throwaway  of  all  failures)  generally  amounts  to 
less  than  $100/system  per  year  suggests  that  a simple  policy  of 
throwaway  for  all  SEMs  would  be  worth  considering.  Resulting 
larger  quantity  buys  would  tend  to  reduce  unit  costs  (a  factor 
not  included  in  the  analysis)  thus  reducing  or  eliminating  the 
small  cost  advantage  shown  in  the  computation. 

The  fact  that  throwaway  is  always  more  economical  for 
the  C-141  shows  that  some  minimum  number  of  failures  must  be  ; 

experienced  before  repair  becomes  worth  while.  This  is  sub-  ' 

stantiated  in  the  C-130/135  and  mixed  force  cases  by  the  switch- 
over from  throwaway  to  repair  for  one  additional  SEM  type  at 
the  15-year  life  point.  Also,  comparing  the  15  and  20-year 
results*  for  throwaway  and  minimum  cost  in  these  cases  shows 
that  the  amount  of  savings  obtained  by  SEM  repair  increases  with 
number  of  failures.  However,  the  number  of  flight  hours  required 
to  produce  these  small  savings  is  very  large  (i.e.,  12  to  17  j 

million  for  the  C-130/135  and  16  to  22  million  for  the  mixed  ^ 

force) . i 

! 
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TABLE  A-1.  SEMR  LOGISTIC  SUPPORT  COST  SUMMARY  ($K,  FY  77) 

(C-130/135  Configuration*  With  BITE  to  4-6  Modules) 


APPENDIX  A 

COMPLETE  LSC  MODEL  RESULTS 


TABLE  A- 3.  SEMR  LOGISTIC  SUPPORT  COST  SUMMARY  ($K,  FY  77) 

(Mixed  Force  Configuration  with  BITE  to  4-6  Modules) 
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APPENDIX  B 

LSC  MODEL  DATA  ELEMENTS 


WEAPON  SYSTEM  VARIABLES 


1. 

EBO 

- Standard  established  for  expected  backorders  - 
the  expected  number  of  unfilled  demands  existing 

at  the  lowest  echelon  (bases)  at  any  point  in 

time.  (P) 

2. 

IMC 

- Initial  management  cost  to  introduce  a new  line 
item  of  supply  (assembly  or  piece  part)  into  the 
Air  Force  inventory.  (S  = $50. 47/item) 

3. 

M 

- Number  of  operating  base  locations.  (P) 

4. 

MRF 

- Average  manhours  per  failure  to  complete  off- 
equipment  maintenance  records.  (S  = 0.24  hour) 

5. 

MRO 

- Average  manhours  per  failure  to  complete  on- 
equipment  maintenance  records.  ( S = 0.08  hour) 

6. 

NSYS 

- Number  of  systems  within  the  weapon  system.  (C) 

7. 

OS 

- Fraction  of  total  force  deployed  to  overseas 

locations.  (P) 

8. 

OSTCON 

- Average  order  and  shipping  time  within  the  CONUS 

( S = 0.36  month) 

9. 

OSTOS 

- Average  order  and  shipping  time  to  overseas  lo- 
cations. (S  = 0.53  month) 

10. 

PFFH 

- Peak  force  flying  hours  - expected  fleet  flying 
hours  for  one  month  during  the  peak  usage 
period . ( P) 

Note 

: (C)  = 

(S)  = 

(P)  = 

contractor-furnished 

government-furnished  standard  value  (costs  in 

FY-77  dollars) 

government-furnished  program-peculiar  value 
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11.  PIUP 


PMB 


PMD 


PSC 

PSO 

RMC 


SA 


i 

I 18.  SR 

0 

f 

i 

I 19.  TD 

1 

i 


- Operational  service  life  of  the  weapon  system  in 

years.  (Program  Inventory  Usage  Period)  . (P) 

- Direct  productive  manhours  per  man  per  year  at 
base  level  (includes  "touch  time",  transportation 
time,  and  setup  time.)  (S  = 1500  hours/man/ 
year) 

- Direct  productive  manhours  per  man  per  year  at 
the  depot  (includes  "touch  time",  transportation 
time,  and  setup  time.)  (S  = 1500  hours/man/ 
year) 

- Average  packing  and  shipping  cost  to  CONUS  lo- 
cations. ( S = $0.64/pound) 

- Average  packing  and  shipping  cost  to  overseas 
locations.  (S  = $1.32/pound) 

- Recurring  management  cost  to  maintain  a line 
item  of  supply  (assembly  or  piece  part)  in  the 
wholesale  inventory  system.  (S  = $112 . 8 5/item/ 
year) 

- Annual  base  supply  line  item  inventory  manage- 
ment cost.  ( S = $39. 63/item) 

- Average  manhours  per  failure  to  complete  supply 
transaction  records.  ( S = 0.25  hour) 

- Average  cost  per  original  page  of  technical  docu- 
mentation. The  average  acquisition  cost  of  one 
page  of  the  reproducible  source  document  (does 
not  include  reproduction  costs.)  (S  = $238.26/ 
page) 


I 

1 


I 
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20.  TFFH 

21 . TR 

22 . TRB 

23 . TRD 


- Expected  total  force  flying  hours  over  the  pro- 
gram inventory  usage  period.  (p) 

- Average  manhours  per  failure  to  complete  trans- 
portation transaction  forms.  (S  = 0.16  hour) 

- Annual  turnover  rate  for  base  personnel . 

(S  = 0.33) 

- Annual  turnover  rate  for  depot  personnel. 

(S  = 0.15) 


1. 


2. 

3. 


PROPULSION  SYSTEM  PECULIAR  VARIABLES  ^ 

ARBUT^  - Engine  automatic  resupply  and  buildup  time 
in  months.  (p) 

BP^  - Base  engine  repair  cycle  time  in  months.  (P) 

CMRI^  - Combined  maintenance  removal  interval  - average 

engine  operating  hours  between  removals  of  the 
whole  engine.  (C) 


4 . CONF 

5.  DP  2 

6.  EOH 


- Confidence  factor  reflecting  the  probability 
of  satisfying  a random  demand  for  a whole 
engine  from  serviceable  stock  to  replace  a re- 
moved engine.  (S  = 0.90) 

- Depot  engine  repair  cycle  time  in  months.  (P) 

- Average  cost  per  overhaul  of  the  complete 
engine  at  the  depot  expressed  as  a fraction  of 
the  engine  unit  cost  (EUC)  including  labor  and 
material  consumption.  Repair  and  stockage  of 
engine  components  considered  elsewhere  as  FLUs 
is  not  included.  (C) 


^Not  used  in  SEMR  Cost  Analysis 

2Reference  AFM  400-1,  Volume  I,  Chapter  7 and  Atch  1 for  complete 
description  of  the  Engine  Pipeline  (Flow  Cycle)  and  use  of 
these  terms. 
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ERTS 


7.  ERTS  - Return  rate  for  engines.  Fraction  of  removed 

whole  engines  which  are  returned  to  service  by- 
base  maintenance.  [The  complement,  (l-ERTS), 
is  the  fraction  which  must  be  sent  to  depot  for 
repair/overhaul.]  (C) 

8.  ERA  - Number  of  engines  per  aircraft.  (C) 

9.  ERMH  - Average  manhours  to  remove  and  replace  a whole 

engine  including  engine  trim  and  runup  time,  (C) 

10.  EUC  - Expected  unit  cost  for  a whole  engine. 

11.  FC  - Fuel  cost  per  unit.  (S  = $0 . 423/gallon  for 

JP4;  $0 . 4 96/gallon  for  aviation  gas) 

- Fuel  consumption  rate  of  one  engine  in  units  per 
flying  hour.  (C) 

- Number  of  stockage  locations  for  spare  engines. 
(P) 


12 . FR 


13.  LS 


SYSTEM  VARIABLES 


BCA 

BAA 

BLR 

BMR 


- Total  cost  of  additional  items  of  common  base 
shop  support  equipment  per  base  required  for  the 
system.  (C) 

- Available  work  time  per  man  in  the  base  shop  in 
manhours  per  month.  (S  = 168  hours) 

- Base  labor  rate.  (S  = $14. ll/hour) 

- Base  consumable  material  consumption  rate.  In- 
cludes minor  items  of  supply  (nuts,  washers, 
rags,  cleaning  fluid,  etc.)  which  are  consumed 
during  repair  of  items.  (S  = $3. 48/hour) 


5. 


BPA 


6. 

CS 

7. 

DCA 

8, 

DAA 

9. 

DLR 

10 

DMR 

1 — 1 

r-H 

DPA 

12. 

FB 

13.  FD 


14 . FLA 


15.  H 


- Total  cost  of  peculiar  base  shop  support  equip- 

ment per  base  required  for  the  system  which  is 
not  directly  related  to  repair  of  specific  FLUs 
or  when  the  quantity  required  is  independent  of 
the  anticipated  workload  (such  as,  overhead 
cranes  and  shop  fixtures) . (C) 

- Cost  of  software  to  utilize  existing  automatic 
test  equipment  for  the  system.  (C) 

- Total  COST,  of  additional  items  of  common  depot 
support  equipment  required  for  the  system.  (C) 

- Available  work  time  per  man  at  the  depot  in  man- 
hours per  month.  ( S = 168  hours) 

- Depot  labor  rate.  (S  = $19. 55/hour) 

- Same  as  BMR  except  refers  to  depot  level  main- 
tenance. (S  = $5. 66/hour) 

- Same  as  BPA  except  relates  to  depot  support 
equipment.  (C) 

- Total  cost  of  new  base  facilities  (including 
utilities)  to  be  constructed  for  operation  and 
maintenance  of  the  system,  in  dollars  per 
base.  (C) 

- Total  cost  of  new  depot  facilities  (including 
utilities)  to  be  constructed  for  maintenance 
of  the  system.  (C) 

- Total  cost  of  peculiar  flight-line  support  equip- 
ment and  additional  items  of  common  flight-line 
support  equipment  per  base  required  for  the 
system.  (C) 

- Number  of  pages  of  depot  level  technical  orders 
and  special  repair  instructions  required  to  main- 
tain the  system.  ( t) 
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1 


16 . IH 


17 . JJ 


18, 

19. 


1. 


N 

SMH 


20.  SMI 


21.  SYSNOUN 


22.  TCB 


23.  TCD 


24 . TE 


25.  XSYS 


- Cost  of  interconnecting  hardware  to  utilize  ex- 
isting automatic  test  equipment  for  the  system. 
(C) 

- Number  of  pages  of  organizational  and  inter- 
mediate level  technical  orders  required  to  main- 
tain the  system,  (C) 

- Number  of  different  FLUs  within  the  system.  (C) 

- Average  manhours  to  perform  a scheduled  periodic 
or  phased  inspection  on  the  system.  (C) 

- Flying  hour  interval  betveen  scheduled  periodic 
or  phased  inspections  or  the  system.  (C) . 

- Name  of  the  system  - up  to  60  alphanumeric 
characters.  (C) 

- Cost  of  peculiar  training  per  man  at  base  level 
including  instruction  and  training  materials. 

(C) 

- Cost  of  peculiar  training  per  man  at  the  depot 
including  instruction  and  training  materials.  (C) 

- Cost  of  peculiar  training  equipment  required  for 
the  system.  (C) 

- System  identification.  The  assigned  five- 
character  alphanumeric  Work  Unit  Code  of  the 
system,  (C) 


FLU  VARIABLES 
BCMH 


- Average  manhours  to  perform  a shop  bench  check, 
screening,  and  fault  verification  on  a removed 
FLU  prior  to  initiating  repair  action  or  con- 
demning the  item.  (C) 
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2, 


BMC 


i 

i 


I 

[ 


3 . BMH 


4 . BRCT 


5 . COND 

6.  DMC 

7 . DMH 


- Average  cost  per  failure  for  an  FLU  repaired  at 

base  level  for  stockage  and  repair  of  lower  level 
assemblies  expressed  as  a fraction  of  the  FLU 
unit  cost  (UC) . This  is  the  implicit  repair 
disposition  cost  for  an  FLU  representing  labor, 
material  consumption,  and  stockage  of  lower  in- 
denture components  within  the  FLU  (e.g.,  shop 
replaceable  units  or  nodules) . (C) 

- Average  manhours  to  perform  intermediate-level 
(base  shop)  maintenance  on  a removed  FLU  in- 

-•-cluding  fault  isolation,  repair,  and  verifica- 
tion. (C) 

- Average  base  repair  cycle  time  in  months.  The 
elapsed  time  for  an  RTS  item  from  removal  of  the 
failed  item  until  it  is  returned  to  base  service- 
able stock.  (S  = 0.13  month) 

- Fraction  of  removed  FLUs  expected  to  result  in 
condemnation  at  base  level.  (C) 

- Same  as  BMC  except  refers  to  depot  repair 
actions.  (C) 

- Same  as  BMH  except  refers  to  depot-level 
maintenance . 


8.  DRCT  - Average  depot  repair  cycle  time  in  months. 

The  elapsed  time  for  an  NRTS  item  from  removal  of 
the  failed  item  until  it  is  made  available  to 
depot  serviceable  stock.  (S  = 1.84  months  for 
organic  repair;  2.25  months  for  contract  repair) 

9.  FLUNOUN  - Word  description  or  name  of  the  FLU  - up  to  60 

alphanumeric  characters.  (C) 
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10.  IMH 


p 


11. 


12. 

13. 

14  . 

15. 


K 

MTBF 

NRTS 

PA 

PAMH 


16.  PP 

17.  QPA 

18.  RIP 

19.  RMH 

20.  RTS 

21.  SP 


- Average  manhours  to  perform  corrective  main- 
tenance of  the  FLU  in  place  or  on  line  includ- 
ing fault  isolation,  repair,  and  verification. 
(C) 

- Number  of  line  items  of  peculiar  shop  support 
equipment  used  in  repair  of  the  FLU.  (C) 

- Mean  time  between  failures  in  operating  hours 
of  the  FLU  in  the  operational  environment.  (C) 

- Fraction  of  removed  FLUs  expected  to  be  re- 
turned to  the  depot  for  repair.  (C) 

- Number  of  new  P coded  reparable  assemblies 
within  the  FLU.  (C) 

- Average  manhours  expended  in  place  on  the  com- 
plete system  for  preparation  and  access  for  the 
FLU;  for  example,  jacking,  unbuttoning,  removal 
of  other  units  and  hookup  of  support  equipment. 
(C) 

- Number  of  new  P coded  consumable  items  within 
the  FLU.  (C) 

- Quantity  of  like  FLUs  within  the  parent  system, 
(quantity  per  application)  (C) 

- Fraction  of  FLU  failures  which  can  be  repaired 
in  place  or  on  line.  (C) 

- Average  manhours  to  fault  isolate,  remove,  and 
replace  the  FLU  and  verify  restoration  of  the 
system  to  operational  status.  (C) 

- Fraction  of  removed  FLUs  expected  to  be  rep  i r -r; 
at  base  level.  (C) 

- Number  of  standard  ( already  stock -nurt  ; 
within  the  FLU  which  will  be  mana  : 
first  time  at  bases  where  this  sy 
ployed.  (C) 
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MICROCOPY  RESOLUTION  TEST  CHART 

NAf;''^AL  ■*  bUNi  AWfri  .•-"i,- 


22 . UC 


23.  UF 

24 . W 

25.  XFLU 


- Expected  unit  cost  of  the  FLU  at  the  time  of 
initial  provisioning.  (C) 

- Ratio  of  operating  hours  to  flying  hours  for  the 
FLU.  (Use  Factor)  (C) 

- FLU  unit  weight  in  pounds.  (C) 

- FLU  identification.  The  assigned  five-character 
alphanumeric  Work  Unit  Code  of  the  FLU.  (C) 


SUPPORT  EQUIPMENT  VARIABLES 


1.  BUR 

2.  CAB 

3 . CAD 

4.  COB 

5.  COD 

6.  DOWN 

7.  DUR 

8.  XSE 


- Combined  utilization  rate  for  all  like  items 
of  support  equipment  - base  level.  (C) 

- Cost  per  unit  of  peculiar  support  equipment  for 
the  base  shop.  (C) 

- Same  as  CAB  except  refers  to  depot  support 
equipment.  (C) 

- Annual  cost  to  operate  and  maintain  a unit  of 

support  equipment  at  base  level  expressed  as  a 
fraction  of  the  unit  cost  (CAB) . (C) 

- Same  as  COB  except  refers  to  depot  support 
equipment.  (C) 

- Fraction  of  downtime  for  a unit  of  support 
equipment  for  maintenance  and  calibration 
requirements.  (C) 

- Same  as  BUR  except  refers  to  depot  support 
equipment.  (C) 

- SE  identification  - up  to  20  alphanumeric 
characters.  (C) 


1: 
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APPENDIX  C 
LSC  MODEL  EQUATIONS 


= COST  OF  FLU  SPARES 


(STK^)  (UC^) 


.V 


^1,  (PFFH)  (QPA.  ) (UF.  ) (1-RIP.  ) (NRTS  . ) (DRCT.  ) 

k ’ 1 1 1 1 1 


MTBF . 

i=l  1 

(TFFH)  (QPA.)  (UF.)  (1-RIP.)  (COND.) 

+ i K (UC.)  (C. 

4-^  MTBF . ^ 

i=l  1 

The  first  two  terms  in  are  the  cost  to  fill  the  base 
and  depot  repair  pipelines,  respectively.  The  quantities  com- 
puted are  those  required  to  support  the  peak  level  of  program 
activity.  The  third  term  is  the  cost  to  replace  failed  FLUs 
which  will  be  condemned  at  base  level  over  the  life  of  the 
system. 

In  the  first  term,  STK.  represents  the  number  of  spares 
of  the  i FLU  required  for  each  base  to  fill  the  base  repair 
pipeline  including  a safety  stock  to  protect  against  random 
fluctuations  in  demand.  The  computation  of  STK.  considers 
the  mean  demand  rate  per  base. 


'i  = 


(PFFH) (QPA^) (UF^) (1-RIP^) 


(M) (MTBF^) 


the  weighted  pipeline  time 


t.  = (RTS . ) (BRCT.  ) + (NRTS.)  [ (OSTCON)  (1-OS)  + (OSTOS)  (OS)  ] 

^ ^ ^ ^ (C. 

and  EBO,  the  established  standard  for  expected  backorders  for 

the  weapon  system.  Therefore,  the  product,  X.t.,  represents 

^ ^ th 

the  expected  number  of  demands  on  supply  for  the  i FLU  over 


its  average  base  repair  pipeline  time.  Then,  find  the  minimum 

value  of  STK.  such  that 
1 


(x  - STKj^)P  (x  1 X^t^)  _<  EBO 


x>STK. 

1 


(C.4) 


where  the  distribution  of  probabilities  of  demand  given  a mean 
demand , 

p(x|x^t^)  (C.5) 


is  Poisson.  Therefore,  the  cost  to  provide  base  repair  pipe- 
line  spares  of  the  i flu  for  all  bases  is 

(M)  (STK^)  (UC^)  (C.6) 


C2  = ON-EQUIPMENT  MAINTENANCE 


= E 

•1=1 


(TFFH)  (QPA.)  (UF.) 

1 1 


MTBF. 

1 


[PAMH^ 


+ 


(RIP. ) (IMH. ) 
1 1 


TPFH 

+ (1-RIP.  ) (RMH.  ) ] (BLR)  + (SMH)  (BLR) 

1 1 SMI 

^1  _(TFFH)_(EP^  (ERMH)  (BLR)  [ 

! CMRI I 


(C.7) 


The  first  term  in  C2  the  labor  manhour  cost  to 
perform  on-equipment  (flight  line)  maintenance  on  FLUs  due  to 
(unscheduled)  failures  over  the  life  of  the  system.  The  element. 


PAMH.  + (RIP.)(IMH.)  + (1-RIP.  ) (RMH.  ) 
111  11 


(C.8) 
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is  the  weighted  average  on-equipment  maintenance  manhours  per 
failure  of  the  i^  FLU  including  Preparation  and  Access  Time 
and  either  in-place  repair  or  removal  and  replacement  as 
appropriate. 

The  second  term  is  the  labor  manhour  cost  to  perform 
scheduled  maintenance  on  the  complete  system  over  the  life  cycle. 

The  third  term  is  applicable  only  when  dealing  with 
a propulsion  or  powerplant  system.  It  is  the  maintenance 
manhour  cost  to  remove  and  replace  whole  engines  on  the  air- 
craft. 


= OFF-EQUIPMENT  MAINTENANCE 


N 


L 

i=l 


(TFFH)  (QPA^)  (UF^)  (l-RIP^) 


MTBF  . 
1 


(BCMH^) (BLR) 


+ RTS^  [ (BMH^) (BLR  + BMR)  + (BMC^) (UC^) ] 


+ NRTS^  [(DMH^)  (DLR  + DMR)  + (DMC^)  (UC^) ] 

+ [2(NRTS^)  + COND^]  [ (PSC)  (1-OS)  + (PSO)  (OS) ] (1 . 35  W^) 

;~(TFfHr(?p£)7l-ECTir  (EOH)'iEDC)  ~i  (C.9 

I CM^ I 

The  first  term  in  is  the  labor  manhour  and  material 
cost  to  perform  of f-equipment  maintenance  on  failed,  removed 
FLUs  in  base  or  depot  repair  facilities.  All  failed  FLUs  are 
first  bench-checked  to  verify  failure  and  then  either  repaired 
in  the  base  intermediate  maintenance  shop  (RTS) , returned  to 
the  depot  for  repair  (NRTS)  or  condemned  (COND) . The  cost 
of  failure  verification  results  from  expending  manhours  (BCMH) . 
The  cost  to  repair  an  item  results  from  direct  repair  manhours 
(BMH  or  DMH)  and  the  implied  repair  disposition  cost  to  stock 
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and  repair  lower  indenture  components  and  assemblies  (BMC  or 
DMC) . Included  is  the  transportation  cost  for  NRTS  FLUs  and 
condemnation  replacements.  The  1.35  factor  is  the  ratio  of 
packed  to  unpacked  weight.  The  second  term  is  applicable  only 
when  dealing  with  a propulsion  or  powerplant  system.  It  is 
the  implied  cost  to  perform  overhaul  of  a complete  engine 
at  the  depot  including  labor  and  material  consumption.  It 
does  not  include,  however,  repair  and  stockage  of  engine  com- 
ponents considered  elsewhere  as  FLUs. 

C,  = INVENTORY  MANAGEMENT  COST 
4 N 

= [IMC  + (PIUP)  (RMS)]  (PA^  + PP^  + 1) 


+ (M) (SA) (PIUP) 


L(PA.  + PP.  + SP. 

Ill 


+ 1)  (C.IO) 


The  first  term  in  C.  is  the  cost  to  enter  new  line 

4 

items  of  supply  into  the  government  inventory  and  to  manage 
them  over  the  life  of  the  system. 

The  second  term  is  the  life  cycle  base  level  supply 
management  cost  of  these  new  items  of  supply  as  well  as 
common,  already-stock-numbered  items  which  will  be  carried 
for  the  first  time  in  base  supply  where  this  system  is  deployed. 

C5  = COST  OF  SUPPORT  EQUIPMENT 

^ (PFFH) (QPA.) (UF.) (1-RIP.) 

= / i i — 

xLj  mtbf  . 

i=l  1 

K I (RTS. ) (BMH,  + BCMH. ) 

EJ- k i [1  + (PIUP)  (COB.)  1 CAB. 

1 (BUR.) (BAA) (1-DOWN.)  ^ ^ 

j = l 3 3 

(NRTS . ) (DMH . ) 

" (BUR.)  ioL)  a-iom.\  11  * (PIURXCODjjlCAD. 

+ j[l  + 0.1  (PIUP)  ] [DCA+DPA+M(BCA+BPA+FLA)  ] + CS  + IH  | 

(C.ll) 
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The  first  term  in  computes  the  quantities  and  costs 

to  acquire  and  maintain  new,  peculiar  items  of  depot  and  base 
shop  support  equipment  (SE)  utilized  in  repair  of  FLUs.  The 
quantities  are  derived  by  considering  the  anticipated  repair 
workload,  the  servicing  capability  of  the  shops  and  certain 
characteristics  of  the  SE. 


From  queuing  theory,  we  are  given 


P 


X 

ny 


<1 


(C.12) 


where  X is  the  workload  arrival  rate,  y is  the  service  rate 
of  one  server,  n is  the  number  of  servers  and  p is  the  combined 
utilization  rate  of  the  servers  which  must  be  not  greater 
than  unity.  Our  objective  is  to  calculate  the  minimiim  number 
of  pieces  of  each  item  of  support  equipment  ("servers") 
necessary  to  support  the  anticipated  workload.  Therefore,  we 
must  rearrange  terms  in  (C.12): 


(C. 13) 


For  our  purposes , the  arrival  rate  of  workload  in  the 
th 

base  shop  for  the  i^  FLU  is  given  by 


X 


(PFFH)  (QPA^)  (UF^)  (1-RIP^)  (RTS^) 


MTBF. 

1 


(C.14) 


th 

The  service  rate  for  one  unit  of  the  item  of  SE 


th 

in  support  of  the  i flu  is  given  by 


(BAA) (1-DOWN . ) 

y = 3— 

(BMH.  + BCMH.) 
1 1 


(C.15) 
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And  the  combined  utilization  rate,  p , is  given  by 
the  variable  BUR.  Therefore,  by  combining  terms,  the  quantity 

(PFFH)  (QPA.)  (UF.)  (1-RIP.)  (RTS.)  (BMH.  + BCMH . ) 

i i i i i i (C.16) 

(MTBF.) (BUR.) (BAA) (1-DOWN.) 

+" 

represents  the  fractional  requirement  for  the  j item  of  SE 
to  support  the  i^  FLU.  In  order  to  compute  SE  costs 
realistically,  integer  quantities  should  be  considered.  All 
fractional  requirements  for  SE  item  j should  be  accumulated 
for  all  FLUs  in  the  weapon  system  and  the  result  rounded  up 
to  a whole  number  divisible  by  M to  give  the  total  base-level 
requirement  for  SE  item  j . 

A similar  discussion  applies  to  the  computation  of 
depot  SE.  Using  (C.13)  again,  the  depot  parameters  are 

(PFFH) (QPA.) (UF.) (1-RIP.) (NRTS . ) 

X = i (C.17) 

MTBF^ 


(DAA) ( 1-DOWN J 


DMH, 


(C.18) 


p = DUR 


(C.19) 


th 

The  fractional  requirement  for  the  j item  of  SE  to 


support  the  i^^  FLU  is  represented  by 


(PFFH)  (QPA . ) (UF . ) (1-RIP . ) (NRTS . ) (DMH . ) 
1 1 1 1 1 

(MTBF^) (DUR.) (DAA) (1-DOWN J 


(C. 20) 


which  should  be  integerized  to  give  the  depot-level  requirement 
for  SE  item  j. 
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The  second  term  in  is  cost  to  acquire  and  maintain 
items  of  peculiar  SE  which  are  not  directly  workload  related 
and  items  of  common  SE  which  must  be  procured  in  additional 
quantities.  The  arbitrary  value  of  0.1  is  the  analog  of  COB 
or  COD  used  in  the  first  term. 


Cg  = COST  OF  PERSONNEL  TRAINING 

[1  + (PIUP-1) (TRB) ]TCB 
(PIUP) (PMB) 


(TFFH) (QPA. ) (UF. ) 

s - 

i=l 


MTBF  . 
1 


PAMH.  + (RIP.){IMH.)  + (1-RIP. ) [RMH.  + BCMH  + 
111  111 


+ (RTS^)  (BMH^)][+  IIP  (SMH)  + (iTl|HljEP^  (ERMH); 


^ [1  + (PlUP-1)  (TRD)]  TCP 
(PIUP) (PMD) 


Z 

■i  ^1 


(TfFH) (QPA^) (UF^) 


MTBF. 

1 


(1-RIP.) (NRTS.) (DMH.)  + TE 
1 11 

(C. 21) 


The  first  and  second  terms  in  C^  are  the  costs  to 

6 

train  maintenance  personnel  for  bases  and  the  depot  respectively. 
Using  the  second  term  to  simplify  the  explanation,  the  quantity 


(TFFH)  (QPA^)  (UF^)  (1-RIP^)  (NRTS^)  (DMH^) 


MTBF. 

1 


(C.22) 


gives  the  total  depot  labor  manhour  requirement  for  the  i^^ 

FLU  over  the  life  of  the  system.  Dividing  (C.22)  by  the  quantity 


(PIUP) (PMD) 


(C.23) 
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r 


gives  the  workload-related  personnel  equivalents  required  at 

t h 

the  depot  to  support  the  i flu.  Multiplying  by  the  quantity 


1 + (PIUP-1) (TRD) 


(C,24) 


reflects  the  turnover  of  personnel  and  essentially  gives  the 
total  training  requirement  over  the  life  of  the  system  which 
is  then  multiplied  by  the  cost  to  train  one  man,  TCD.  A 
similar  exercise  applies  to  the  computation  of  base-level 
training  requirements  in  the  first  term.  Note  that  the  last 
quantity  within  the  first  term  is  applicable  only  when  dealing 
with  a propulsion  system. 


C7  = COST  OF  MANAGEMENT  AND  TECHNICAL  DATA 


N 


(TFFH) (QPA^) (UF^) 


i=l 


MTBF . 
1 


[MRO  + (1-RIP^) (MRF  + SR 


TPFH 

+ TR) ] BLR  + [MRO  +0.1  (SR  + TR) ] BLR 

SMI 

+ TD(JJ  + H) 

The  first  term  in  C_  is  the  maintenance  labor  cost 


(C.25) 


associated  with  equipment  failures  to  complete  the  required  on- 
and  off-equipment  maintenance  forms,  supply  transaction  records 
and  transportation  forms.  The  second  term  is  the  similar 
cost  associated  with  scheduled  or  periodic  maintenance.  The 
third  term  is  the  cost  to  acquire  Technical  Orders,  overhaul 
manuals,  and  other  special  technical  documentation  or  repair 
instructions. 


COST  OF  FACILITIES 


^8 


= FD  + (M) (FB) 


(C. 26) 


This  equation  gives  the  cost  of  new,  special  base 
and  depot  real  facilities  (including  utilities)  necessary  for 
operation  and  maintenance  of  the  system. 


C = COST  OF  FUEL  CONSUMPTION 

y 


= (TFFH)  (EPA)  (FR)  (FC) 


(C.27) 


This  equation  gives  the  life  cycle  fuel  cost  for  those 
weapon  systems  having  propulsion  systems. 


Cio  = COST  OF  SPARE  ENGINES 


= [ (LS)  (X)  + Y]  EUC 


(C.28) 


In  X is  the  number  of  whole  spare  engines  re- 


quired to  fill  the  base-level  portion  of  the  engine  pipeline 
including  both  the  base  repair  cycle  and  the  automatic  resupply 
and  buildup  time.  Y is  the  number  of  engines  required  to  fill 
the  depot  overhaul  cycle.  Both  X and  Y include  a safety  level 
stock  to  protect  against  pipeline  shortages  due  to  abnormal 
or  unpredictable  demand  conditions.  The  computation  of  X 
considers  the  mean  demand  rate. 


(PFFH) (EPA) 
(LS) (CMRI) 


(C.29) 


the  weighted  base  pipeline  time, 

(ERTS) (BP)  + (1-ERTS) (ARBUT)  (C.30) 

and  CONF,  the  established  confidence  level  factor  expressed 
in  terms  of  off-the-shelf  availability.  The  product  of  the 
demand  rate  and  the  weighted  pipeline  time  gives  the  argument 
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(ARGB)  of  the  following  equation.  The  desired  value  of  X is 
the  minimum  value  such  that 

, -ARGB^ 

) (ARGB)  > (C.31) 

n!  — 

A similar  computation  applies  for  Y where  the  mean 
demand  rate  is 

(PFFH) (ERA)  (C.32) 

CMRI 

and  the  weighted  pipeline  time  is 

(1-ERTS) (DP)  (C.33) 

The  product  of  these  two  terms  gives  the  argument 
(ARGD)  of  the  following  equation.  The  desired  value  of  Y is 
the  minimum  value  such  that 

(ARG^^  > CONF  (C.34) 

n=0 
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